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TRANSACTIONS 


THE AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 


No. 392 
PROCEEDINGS 


OF THE 
TWENTY-SECOND ANNUAL MEETING 


5 ies Twenty-second Annual Meeting of THe AMERICAN So- 
CIETY OF HEATING AND VENTILATING ENGINEERS was held in 
Engineering Societies’ Building, New York City, on January 18, 
19 and 20, 1916, under the presidency of D. D. Kimball, New 
York City; J. J. Blackmore, New York City, officiating as Sec- 
retary. 

FIRST SESSION—TUESDAY AFTERNOON, JANUARY 18 


The meeting was called to order at two p. m., by President 
Kimball, who said: At this time it gives me very great pleasure 
to welcome you to this meeting, and to greet you as members of the 
AMERICAN Society OF HEATING AND VENTILATING ENGINEERS, at 
the opening of its Twenty-second Annual Convention. 

This should be the best and most helpful meeting we have 
had, for the reason that the advance in the past year has been 
greater and more rapid than any other period in the history 
of the Society. We all hope, I am sure, that there may be as 
great an advance during the present year. The growth of the 
Society has been most marked, indeed; we are reaching a growth 
unthought of by any of us a few years ago. The influence of 
the Society is also growing in a similar manner. Greater co- 
operation and interest in us has been shown by other engineering 
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bodies. Our representation is constantly being sought by other 
organizations and the progress of our work during the past year 
has been most encouraging. 

Particularly encouraging has been the general participation 
in the work by our members. I do not think that in any year of 
the Society’s history has there been so much interest in and 
willingness to work for the general good, as this year has 
developed among our members. I am sure the spirit would 
increase if all the members could only realize what their assist- 
ance and co-operation mean to the officers of the Society. The 
co-operation is shown in the value and size of our proceedings, 
and in the fact that we have published all our Transactions up to 
date and can, for the first time in our history, state that every 
volume is issued up to date. 

This spirit of co-operation is also shown in the large increase 
in the membership. In the report that you have before you, it 
may also be noted that the financial transactions have increased 
about 50 per cent., and still we show an increased balance of 
cash on hand. 

We are fast approaching, and I believe we shall soon reach, 
the point toward which we have been striving for a long time, 
when we shall be able to place our initiation fees in a separate 
fund for the purposes of research and committee work. Such a 
fund would be of value to the entire membership of the Society. 

Another new feature of our work, about which you all know, 
is the publication of a quarterly Journal, which enables us to 
place before you all the papers to be presented at our meetings 
well in advance of the date of presentation. 

We shall be very glad to have letters and discussions sent to 
the Secretary by the members for presentation in the Journal. 

During this meeting, I hope the members will pay particular 
attention to the rules which we have formed for the purpose of 
facilitating the work of the sessions. 

After the reading of the papers the discussion will be opened 
by two members, who will have the privilege of the floor for 
five minutes. After this, other members will have the privilege 
of the floor, one at a time. A member once having had the 
privilege of the floor is requested to give way until all others 
who wish to speak have had an opportunity. The speakers are 
requested to give their names on rising to take the floor. 

We welcome, with the privilege of members, any guests who 
may be attending this meeting, and I hope that they will use 
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the privilege of the floor and speak on any subject which may be 
of interest to them. 

The first in the regular order of business is the Report of the 
Council. The report was read by the President, and on motion, the 
report was accepted and ordered filed. 


PRESIDENT KIMBALL: The next order of business is the Report 
of the Secretary. 

The report was read by Secretary Blackmore, and on motion, 
was accepted and ordered filed. 


PRESIDENT KiMBALL: We will now hear the Report of the 
Treasurer. 


TREASURER ADDAMS: It is unnecessary for me to read a report, 
as the report is exactly as contained in the report of the Secre- 
tary. The only thing of importance is that we show a good 
balance of cash on hand. 


PrestpENT Kimpatt: You have the report before you, and if 
there is no objection, it will be accepted and placed on file. 


REPORTS OF COUNCIL, SECRETARY AND 
TREASURER 


REPORT OF THE COUNCIL 
Pursuant to the requirements of the Constitution (Art. VI, Sec. 
6), the Council presents the following report of its administration 
of the affairs of the Society for the past year. 
Immediately upon the close of the last annual convention the 


FOR THE YEAR 1915 

Council met in the office of the Society during the afternoon of 
January 21st and organized. Following this meeting the usual 
standing committees were appointed by the President, as follows: 

Executive Committee—Frank T. Chapman, Henry C. Meyer, Jr., 
Homer Addams. 

Finance Committee-—Frank G. McCann, William M. Kingsbury, 
Dr. E. Vernon Hill. 

Publication Committee —Arthur K. Ohmes, Samuel R. Lewis, 
Frank G. McCann. 

Membership Committee—Frank I. Cooper, Harry M. Hart, 
James T. J. Mellon. 

Mr. J. J. Blackmore was appointed Secretary and has served 
throughout the year with eminent satisfaction and success. After 
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the most careful consideration the Council has gradually increased 
the salary attached to the office of Secretary to $2,100, feeling that 
the proper conduct of the affairs of the Society in its present size, 
and the duties added by the publication of the Quarterly, justified 
this course. As last year, we have been saved the cost of editing 
the Transactions. It is believed that the results of the year have 
proven the wisdom of the step taken. 

The plan adopted in 1914, of employing a Secretary who should 
give his entire time to the work of the Society, has proven such 
an unqualified success that no change in this policy may be properly 
considered. 

Society headquarters have been continued in the United Engineer- 
ing Society’s building, at 29 West 39th Street, New York City, al- 
though at an increased rental. This office has been largely used 
by Committees of the Society and by New York Chapter. 

Eleven meetings of the Council, and three meetings of the Execu- 
tive Committee have been held during the year. So far as possible 
the views of those members of the Council and Executive Com- 
mittee who have not been able to attend the meetings have been 
secured by letter on matters coming before the meetings. 

The summer meeting of the Society, originally arranged to be 
held at San Francisco, was transferred to Atlantic City. It was 
held September 16th and 17th, and despite the limited notice given 
to the members, and a somewhat smaller attendance of guests than 
usual, a most successful convention resulted. Nearly one hundred 
members and guests attended. 

During the year this Society has been represented, by invitation, 
at the following conventions: 

National Fire Protection Association, Boston, by A. M. 
Feldman, J. A. Donnelly, R. W. Pryor and Frank Irving Cooper ; 
National District Heating Association, Chicago, by E. F. Capron, 
J. M. Stannard, W. H. Chenoweth, R. L. Gifford and E. A. 
May; National Warm Air Heating & Ventilating Association, De- 
troit, by Edward Norris, D. R. Richardson, F. K. Chew, Wm. 
Ritchie and F. R. Still; American Association of Engineers, Chi- 
cago, by S. R. Lewis, H. M. Hart and Dr. E. V. Hill; National 
\ssociation of Manufacturers, New York, by A. K. Ohmes, J. A. 
Donnelly and J. J. Blackmore; Pan-American Scientific Congress, 
Washington, D. C., by R. P. Bolton, delegate, and J. A. Donnelly, 
alternate. 

Our interest and co-operation has been solicited by the New 
York State Commission on Ventilation, The Chicago Ventilation 
Commission, The Department of Health and the Building Depart- 





XUM 





Twenty-sECconD ANNUAL MEETING 13 


ment of New York City, and the Department of Labor of New 
York State. 

That the influence and strength. of the Society and the value of 
membership have been materially enhanced during the last year is 
assured. 

For the first time in the history of the Society the Transactions 
up to date have been printed and delivered. It is to be hoped 
that we may not again fall behind in this matter. The increase in 
the size of the volume of 1915 and the character of the papers 
therein well merit praise. 

The publication of a Year Book has been delayed because of the 
rapidly changing membership list and because of certain changes 
in the Constitution which have been suggested. Steps are now being 
taken to issue such a book immediately upon the close of this con- 
vention. 

By means of the Journal we have been enabled to place before 
the members, well in advance of our meetings, all of our papers, 
and in the most desirable form. For this reason, because of the 
income received from advertisements, because of the prestige accru- 
ing to the Society, and for other reasons that will occur to you, it 
is believed that the Journal has more than justified its inaugura- 
tion. It has been the subject of praise from many sources. 

An increase of approximately fifty per cent. in the financial 
transactions of the Society will be observed by reference to the 
statement of income and expenditures in the Secretary’s report, 
accounted for by increase in membership and the publication of the 
Journal, with its advertisements. 

It will be noted that the Assets of the Society now amount to 
$11,001.70, a gain of nearly $2,000 during the year. However, 
because of the large increase in the number of members, and the 
amount paid out on a previous year’s Transactions in excess of the 
amount on this year’s Transactions carried over to next year, the net 
equity per member is slightly decreased, being now $17.30 as against 
$17.92 one year ago. 

Despite the extra expenses of administration and the printing 
of papers and Transactions our cash balance has increased $184.72 
and now amounts to $2,529.10. Our liabilities have decreased 
$1,489.96, now amounting to but $672.00. Unfortunately the 
amount of unpaid initiation fees and dues is the largest in the 
history of the Society, amounting to $1,598.20, which is $499.00 
greater than last year, and this despite the most energetic efforts 
of our Secretary. Worse still, the number of members dropped 
for non-payment of dues this year, as provided by the Constitution, 
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is greater than ever. Our loss from this has amounted to $640.00. 

It has always been our desire to see the expenses of the Society 
>v administered that all of the initiation fees might be put into 
a reserve fund. How we would have reached this mark this year 
but for the increase in unpaid dues and the payment of back bills 
may be indicated by the following table: 


mere We OE IED, cn soc ccdacwsecccvncnce $166.13 
NII SE og hg Ss a Sb ae a wei 1,489.96 
Excess of unpaid dues and fees.................... 499.00 

$2,155.09 
Total amount of initiation fees.................... $1,955.00 


It is with the greatest satisfaction that we can report that with the 
per capita costs of the year 1913 and 1914 correctly computed the 


TABLE 1. STATUS OF MEMBERSHIP 
Honorary members: 


eee Me, Deda B OGRG oon 5c dsiccsincneesecsessnesas 2 
SAT TF IRON. 5 oo i565. n cb 6 csc cece ccdcccceesicns 1 
EE a natehd RAAd Ge NRORR AEN aes AGERE PE Ca aee eS 3 
Members: 
en ees, Dems 2 DOGG, 6 seid 46 cossuhtosnseae sesear 435 
PE ET I, 6 coo o:6.0 nin d0 dso pecsnendeesedares ks. 131 
Ge INO 6 rataw ect cecdleee be teeesecetdasddadesss 5 
ter etbmnmoemnet Tren AABOCIOIE ..o. oc cs cccdcvvesesscccsccs 3 
De DEPUMIIIORE TRONS FIRE 0 5o oct ccsccnscesccacesesss 3 
142 
Loss by resignation ......--.--cccccccccsccccccccceseccncns 4 
by faileve 00. qualify 2... cccccccccccnscccccsscseccssccss 5 
by non-payment of dues ........cccccccccccecccccceces 24 
33 
TAG DR oa sindicnctenceedccsnenciscensssscaccaseeesces 109 
I i as dh a wh Aa ae ee ae ae er 544 
Associates: 
ees ete Deahee GB; W6Gs icin scsccccncdcssen vende s sins 48 
EEE CL OPE TPE ET TY TEE TEE TE 19 
OS Sodcccccaecdscccsccnsoneneests dendenct 2 
er NNER GE GREG i ob ics cen ceecccnsenicseec ssn 3 
Cer INR Bo GID oocck nds ccc dnccdnctecncsenswess 2 
7 
i SR... ceed dd geduhedneashshadie tes teseheceninngs — 12 
ME. 405 6:6 006n4en Ges ctacetercsegiesrevenensivacbaes ees —— 60 
Juniors: 
ee ee Dees DGG. ci csc kncaeideearrkesh ence ge 22 
POOEEEEONS BE GTTEE oc ci cccdtcccccdcccccevscssccsceceeas 15 
DO IIE, So cebidcrsadisrccicosdsecetieebradebeates 2 
ey IS OF GE oon cits ccacccsscdcacensdnccees 3 
ey I DE oo Co ccnede deededioecbewenee cena 3 
—. 8 
Be cin snd hesidand ade AdntmtohaaPdbbeeao donnins - 7 
—_ 29 
THE ccicrececcoseceseseoeesecessscecesssnceaccécenes 636 








XUM 





TweENTy-sECOND ANNUAL MEETING 15 


per capita cost of this year ($10.59) is less than for several years. 

The present membership of the Society and its change during 
the year are shown in detail in Table 1. 

Five ballots for new members were sent out during the year as 
follows: February 20th, 31 candidates; April 20th, 40 candidates ; 
June 29th, 39 candidates ; September 30th, 32 candidates ; November 
10th, 23 candidates. 

The splendid net increase in membership, which is nearly three 
times that of any former year, has been due to the efforts of many 
members, ably seconded by our Secretary. The total number of 
new members elected is 165 and the net increase is 128. It is 
with regret that we report the dropping of 30 members for non- 
payment of dues as compared with 16 last year. 

It is with extreme pleasure that we can report the loss of no 
members by death during this year. Former members who have 
honorably withdrawn by resignation, are: Harry De Johanis, C. A. 
Haslett, R. L. Douglas, H. E. Raymond, W. S. Dickinson, V. L. 
Root, Frank Dobson, Norman A. Hill. 

The desirability of each new candidate has been investigated 


TABLE 2. YEARLY INCREASES IN MEMBERSHIP AND FINANCES 


Expense 
Cash bal. Members per 

Year at end at close Net Mean membr. 
ending of year Income Outgo of year aseasour No. of based 

. membrs. on mean 

1894 $493.18 $750.00 $256.82 75 membr. 
1895 373.26 1,112.28 992.36 102 27 88 $11.28 
1896 176.28 845.65 1,042.63 116 14 109 9.57 
1897 327.35 1,109.25 958.18 142 26 129 9.43 
1898 305.30 1,878.72 1,900.77 120 22 153 12.42 
1899 33.01 1,408.09 1,680.38 121 1 121 13.89 
1900 85.93 1,327.07 1,274.15 131 10 126 10.11 
1901 80.53 1,619.84 1,625.24 143 12 137 11.86 
1902 453.69 2,460.34 2,086.88 174 31 158 13.20 
1903 543.49 2,423.93 2,334.13 203 29 198 11.70 
1904 684.19 2,414.99 2,274.20 220 17 211 10.78 
1905 633.94 2,542.75 2,593.00 243 23 231 11.23 
1906 1,794.90 3,710.62 2,549.66 279 36 261 9.76 
1907 2,044.86 3,912.41 3,662.45 323 44 301 12.20 
1908 1,947.95 3,928.93 4,025.84 347 24 335 12.00 
1909 1,212.68 3,952.14 4,687.41 367 20 357 13.13 
1910 1,266.95 4,324.10 4,269.83 390 23 377 11.36 
1911 1,397.41 4,953.54 4,823.08 425 35 405 11.83 
1912 1,041.62 4,717.40 5,073.19 449 24 437 11.47 

1913 2,823.20 5,272.02 4,532.06 462 13 455 10.81* 

1914 2,444.38 6,362.49 6,487.66 507 45 485 11.52* 
1915 2,629.10 9,256.05 9,071.33 637 127 571 10.59 

Average 
11.34 





“Corrected, according to Secretary’s report of 1915. 
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with unusual care and equal care has been exercised by the Mem- 
bership Committee and the Council in assigning the class of member- 
ship to the candidate. That this has been well done, and that the 
ability and character of the new members has been quite up to these 
of former years, are evidenced by the fact that not a single candi- 
date has been rejected by the votes of members with whom rests 
the final decision as to the election or rejection of candidates. Such 
an experience is unusual. 

A bit of retrospection and study of the history and growth of the 
Society will prove most interesting. The membership increase and 
yearly gain in financial transactions are closely shown in Table 2 
and ithe chart on page 16. 

The rapid acceleration of recent years, and especially of this 
year is most encouraging. 

Applications for charters for two new chapters have recently 
been received, one at Cleveland, to be known as the Ohio Chapter, 
and one at Philadelphia, to be known as the Eastern Pennsylvania 
Chapter. These are splendid indications of the increasing interest 
in the Society’s work. 

The President, at the summer convention, suggested that a method 
of electing members might be devised which would be less cum- 
bersome, less expensive, involve less delay and be more in harmony 
with the method in vogue in other societies of similar nature. The 
cost of electing new members this year amounted to $234.25. 

The suggestion has been frequently offered that a smaller and 
more artistic Society badge be secured. It is suggested that this 
matter be given consideration and that the incoming Council be 
instructed by the Society as to its wishes in the matter. 

Special thanks are due to the members of the Special and locai 
committees who have done so much to make successful the meetings 
of this year. 

Certain new rules have been given in the program for this con- 
vention for application to the conduct of the professional sessions in 
the belief that they will increase the value of, and interest in, the 
meetings. 

Respectfully submitted, 


D. D. Kimpa.i, Chairman. 


New York, Jan. 18th, 1915. 











REPORT OF THE SECRETARY 


Volume XXI of the Transactions, which has just been sent to all 
the members who have paid their dues for 1915, is the largest volume 
the Society has ever issued and contains six hundred pages. 

The printing of Transactions this year amounted to $3,164.54, 
but the entire cost of Volume XXI was $1,793.95, so that $1,370.59 
was paid out on account of previous year’s Transactions. 


THE JOURNAL 


Early in the year the Council voted to publish a quarterly Journal 
of the proceedings of the Society, which began with the April 
number. Three issues have been printed and the cost charged to 
this year’s expenses. 

A slight change in the Constitution will have to be made, by add- 
ing the words, after the second sentence of first paragraph of Arti- 
cle V: Four dollars of this amount to be considered as the sub- 
scription to the Journal. This is to conform with Post Office regu- 
lations. 

That the members may know the cost involved in publishing the 
Journal, I give the figures for the three issues and the cost of the 
papers printed for the last annual meeting as follows: 


PE ES inc ibn cacdsertentaccabeses $267.75 
EE dle siainh ccnithalndinnbakcmebadatws 158.75 
re eee ee es ee ee 158.98 
SET ED ob.b ks Cg Gbct pouedeNn bears 163.24 

$748.72 


The advance papers of the year 1914 cost $203.85. The larger 
number of papers printed in 1915 is shown in the first item. These 
figures do not include the cost of type-setting, as that is charged 
to the cost of the volume of Transactions as shown in the balance 
sheet. 
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Some extra expense was incurred in the publication of the Journal 
from that at first proposed as a better quality of paper was used 
and a standard of one hundred and twenty pages of reading matter 
was adopted. Two thousand copies were issued of the April num- 


ber and sixteen hundred of each issue since. 


It will be noticed that the Society received $1,108.15 for adver- 
tising, and it is hoped that this item will reach two thousand dollars 


for 1916. 


If the membership could be increased to one thousand, the cost 


of postage on the Journal would be materially reduced. 


The receipts for 1915 were $9,256.05 and the disbursements 


$9,071.33, leaving a surplus for the year of $184.72. 


STATEMENT OF INCOME AND EXPENDITURES 


Cash on hand, Treasurer’s account, January 2, 1915.......... $2,344.38 

Sarwsiary’S GHMMAGNNE GOOG ooo iv ccsivccicsdessmedesoucinbccé 100.00 
Receipts 

Bo pee in kG edges ne deh e ee absdios exbtie $5,054.30 

ET TNE ne ee 2,195.00 


Sale of Transactions, net: 


eS errr rrr errr: eer $37.50 
 -. fa Seprr errr er oer ie 30.00 
WE DD 864d cticagetskicesséagcenesaduae 5.00 
PET TTC ECCT TTT TS PETE LT Eee 90.00 
WE BP 6. $.05:0nh anes 6ednducehaneadtete 102.50 
WED 6 descr dabccisddondsndsesmdbe ds 7.50 
—_—-—- 272.50 
DE. nauk warewetadawadeas bas a. eee 174.75 
eT IN cc ccesawerdavscecbsewanis 6.50 
Peewee 6s GapeWlas: «o.oo occcc6scvcccecenses ee 37.77 
A CIID a.nd 6 ev kiks a0d8 0 esedoedartixs 19.50 
ON ID. 8 Kas eee i Se rcddincvioes <5 245.35 
OED 6 ica dnkstes opted. ceneenaaens .88 
A NE 650635 040enrgsnri<n¥pbaxeihne 62.20 
PE 4 bias pew diedesnecSccbatpeeenders 1,108.15 
SUROUITIOMES. OS - FOOTIE in. 5.6.5 c ce ctctacedascs 24.75 
te Gee WN bas sc cebedco nde ctescésdwecd 54.40 


——_——— 1,734.25 


$2,444.38 


9,256.05 


$11,700.43 
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Disbursements 
Transactions: 
Ss: SE 5 cna uetesaceeeee » ++. «$1,100.00 
Vol. 20 printing (balance) ........... 750.00 
Postage and express on Vols. 19 and 20.. 122.34 
Rect, Vel. 21 printing.......0.006. $882.39 
Me Wie Se GU va sedceracededa 241.56 
- 1,123.95 
a a a aD 68.25 
———— $3,164.54 
I oo ith di ot ne cate a i 155.04 


Meetings expense: 


Advance papers and Journal ............ 748.72 
NE dddawendbdsd pbsn vecetesonvbinds 108.00 
Stenographer (reporting meetings)....... 175.00 
PEE Jadghdudindaxch bauddaa tone etwas 33.00 
Meetings and expenses therewith......... 135.25 


—— = 1,355.01 
(ieneral administration: 


NGEED: inne boennsc'660006660600400006000Oe 
Assessments (rent) of office ............. 432.70 
Office stationery, supplies and expen..... 125.57 
EE akedeaneesedcce cdi dGnhesenttenes 45.96 
Ee eee Pere ee 459.59 
DE) Rkaukdad ct uepecsdodeariataenedon 193.00 
NG snéés 6c debe cnede aed -aeSbes mad 72.96 
De) ta taebhsdcnnnacedekesdantsiaas 9.48 
CE tes scanned aa beakeweertab one 482.31 
Bonds of Secretary and Treasurer ....... 7.50 
DEED ccd daciscsaneadhedeacahonaeees 33.50 
PE divecatwicatasstesigbatesee as 33.60 
Appropriation, Air Washer Committee.... 26.85 
MEN! AdbWearadecucs c6-dubadaceccances 30.26 
PGE GROONE Pedtccnccdewswane dss cess 42.50 
Dues, National Fire Protective Asso..... 50.00 

$4,551.78 9,071.33 

Cash in hands of Secretary (Contingent Acct.) 100.00 

Cush ts heads of Treasure? ...ccccccccccccss 2,529.10 


$11,700.43 

The Society is to be congratulated in having a cash balance 

on hand of $2,629.10 and a cash surplus over all liabilities of 

$1,927.03, with a total equity of $11,001.70. This is a gain in total 
assets of $1,914.28 since last year. 


PER CAPITA COST 


Since the report of 1912 the per capita cost has not been accu- 
rately computed owing to the fact that a change took place that 
year in the size of the Transactions, 

Your Secretary has reconstructed the per capita table and calcu- 
lated the per capita cost of the last three years on the same basis 
as the previous years were calculated but with the actual cost of 
printing the volume of Transactions that belonged to the year on 
which the per capita calculation is based. 
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In the statement of 1913 the cost of transactions is $1,250.02, but 
the transactions of Volume XVIII, which should have been paid 
for that year, cost $1,766.21. This would have increased the actual 
expenses of that year by $516.19, and the expenses of that year 
would have been as follows: 


TI 6 3p iiés a s:edince etn deg .....- $4,400.90 
Additional cost of transactions............ 516.19 
Expenses would have been............... 4,917.09 


Or a per capita of $10.81 as shown in the table. 


If the cost of printing a Year Book, that was omitted in 1912, and 
which would have cost, with postage, $175, be added the per capita 
would have run up to $11.19. 

In 1914, there was paid for transactions a total of $2,246.01, but 
the actual cost of Volume XX, which was the volume for that year, 
was $1,410.20, the balance, $835.81, being paid on account of 
Transactions of previous years. Deducting this and the sale of 
papers, etc., amounting to $164.40 makes the actual expenses of 1914 
equal $5,587.45, or a per capita cost of $11.52. 

In 1915, the total disbursements were $9,071.33. 

The amount paid for printing transactions in 1915 was $3,164.54. 
The entire cost of Volume XXI is $1,793.95, the balance ($1,370.59) 
being paid out on account of previous transactions. We received 
for advertisements in the Journal $1,108.15, and for papers, re- 
prints, etc., $543.05. Deducting these three items from the total 
leaves $6,049.54, as the net expenses of the year, resulting in a per 
capita cost of $10.59. 


TABLE OF COST PER MEMBER 





Net cost of No. of 


Total operating members New Net in- Mean Expense 
Year receipts the Society at close of members crease for number per mem 
after de- year. elected the year of members ber 
ducting 
1907 $3,912.41 expendi- 323 48 44 301 $12.20 
tures not 
1908 3,928.93 Aas 347 37 24 335 12.00 
belonging 
1909 3,952.14 to that 367 54 20—Cté 357 13.13 
year and 
1910 4,324.10 ° ee 393 58 23 377 11.36 
deducting 
1911 4,269.8. commer- 425 63 40 405 11.83 
cam cial trans 
1912 4,717.40 . 449 54 24 437 11.47 
actions. 
1913 6,160.14 $4,917.09 462 57 13 455 10.81° 
1914 6,362.49 5,587.45 507 80 45 485 11.52 


1915 9,071.53 6,047.22 634 165 127 571 10.59 
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The table has been enlarged to make it a complete reference as to 
the status of the membership. The mean number of members on 
which the per capita is based is made up by adding one-half the net 
increase of the membership for the year to the number of members 
that was on the roll the beginning of the year. That is, there were 
507 members on January Ist, 1915, and the net increase was 129; 
one-half this or 64 added to 507 makes a mean of 571, the theory 
being that the new members are only carried for a half-year or 
one-half of them for the full year. This is very conservative, 
especially this year, as one hundred and ten new members were 
elected the first half of the year, but that method has been estab- 
lished and it may be well to continue it. 

There is every reason to believe that the coming year will see 
the per capita cost come down to $10.00 per member or less. 

That the depression in business circles has been greater in 1915 
than in 1914 is evidenced from the fact that thirty members 
were dropped for non-payment of dues and the amount owing 
the Society for fees and dues has increased $498.20, the total 
amount outstanding being $1,598.20. 

A new Year Book is in course of preparation and it will be sent 
to the members in February or March. 

The cost of electing members per capita in 1915 was $1.42, as 
follows: Printing ballots, $193.00; postage, $25; envelopes, $16.25 ; 
total, $234.25; divided by 165 members, equals $1.42. 


STATUS OF DUES ACCOUNT 
Dr. 


In arrears, including portion of dues of candidates 


elected December, 1914 (collected $415)........... $755.00 
Paying members, January 2, 1915—504 at $10........ 5,040.00 
Class of Candidates, Feb. 2—31 at $10.............220. 310.00 
Class of Candidates, April 20—40 at $7.50.............. 300.00 
Class of Candidates, June 29—39 at $5.00.............. 195.00 
Class of Candidates, Sept. 30—32 at $5.00.............. 160.00 
Class of Candidates, Nov. 10—13 at $10................ 130.00 
Reinstated members, back dues. .........-sccccscccccves 60.00 

$6,950.00 
Cr. 

Prepayment of 1915 dues im 1914.........-.2. eee ee cence $47.00 
Written off by non-payment of dues...........6--+0000- 680.00 
Written off by failure to qualify. .............cccseeees 50.00 
EE I, ned odes oy és.6enbus éeacanaddacansce 5,054.30 
Difference on account of pro rating dues, account to 

DE. D Sa vediccradenpdiawenerd capebededvaspaee 10.50 


5,841.80 
ne ING. 5s cca cd dv cauedeos dete reaweceeade —— $1,108.20 
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STATUS OF INITIATION FEES ACCOUNT 
Dr. 
In arrears including portion of candidates elected 
December, 1914 (collected $215).........-seeeeeee $345.00 
Clams OF CamiiiGatee, Fabs 2 cin cc ccc ccceesideciewenees 465.00 
ee OE Ce BO OD a's ccccsddsasansdcaceane 580.00 
Coes BE CO, Fee FD nn os cic accscsecsecsresees 555.00 
Ciaee OF Comiitates, Best, 20 ois. cccccicncccvsntestanes 475.00 
Ck ae ie, Fae, BB ninois kb vote wciccwesincescne 335.00 
Fee of advancement from junior grade................. 15.00 
———_ $2,770.00 
Cr. 
ey CRN, GOAN CORI on ioc n.c ccs dd o0secdbsaenee $2,195.00 
Written off by failure to qualify .............eseeeeeee 85.00 
————- 2,280.00 
ae SIN 5 6 a.s0 hed desc dens cdcaveneeesagansadeoes — 490.00 
Recapitulation 
Total debit accounts of members ..........0eeeeeeeeee $1,598.20 
ASSETS 
ice Oe DO 6 6. 5 in 6.0.006406b 604 6404 OdORE HORE EDESEOAMS $225.00 
Cuts. used in printing volumes ...........ccccccccsccccccessccccns 250.00 
Stationery and supplies ...........cccceccccceccccsceccccsecccens 25.00 
Proceedings 
ML. EL 6:56 086 bo Kees pseocsthesinbd aPeOEEeee 134 
SE) Be, ccs xtaasande tes bsawevsamgmenese aan 9 
ME DD) cnaciicdbacnewksspasddcstctasindesenans 102 
TN Nd Sn ctadimaases 6h ou Reece 8 one Aaa 123 
W. “ia aac ote dc dds ns tiewesnanes see! 96 
Te, Se bnbsnahtddatdade cd secddbetoas ones nee 116 
OF hc keuncdeb seen tne seusndheeshetanee Geet 106 
WR, ha 6credewicn sec ct endecsded cubes eanes 82 
OR ea er ey rere rin mie are 138 
Bs ED. o.nwsn0d00nbnnbeniossoi.cteceageeunaees 126 
WE Oe beso desedanrsstankei5 so abndeomeees 142 
ME GE haahancd as ReSa dAdeee EEO OE OR aE eae 127 
TS Aree eT Pree rr rer eT re 134 
IR nis code eulobaob sa cetaed be mametahee 136 
OE. 6s. dng kscdndegeessescseesbceenneael 157 
WED 00 00a060ndn60besbstdcccescapepenesnet 158 
ME Ee 6p keccncsddbdcat ends bees iecmesebetees 186 
MED n08).0094004s6GsRd ESD AACE ROMER SRS 173 
are ne See we rers eee eee Fe 170 
EE atin Shes aw Gaee awn aks dt ua aera 245 
EE cade sk bese haesn denne eene acohenbenes 185 
2,845 at $2.50 7,112.50 
ee, CE, 6 ic hs btsd Rise sssdtiabeneste 84.00 
BME (AG Rest bo 6 04d son eebodeadenedssésebeqnensa 400.00 
Membership dues outstanding ............-+20000. $1,108.20 
Less tncollectible (estimated)..............+000- 220.10 
888.10 
Initiation fees outstanding ($490 less $45)........ 445.00 
ee UTP CRETE CETL COT ee eee 20.00 
PN MINE Gisciksincdenaviee cednebee ease anasaaere 125.00 
$9,074.60 
ee OO DN 60.00.60 50000 cede cedodebonssncaeetsnes 2,629.10 
$11,703.70 
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LIABILITIES 


Balance due on Volumes issued to members: 





Te, BS cketecnsendddnccambess ss ctgisanecass $570.00 
Membership dues prepaid .........--e-eeeeeeeeee 47.00 
Acct. of postage and express on Vol. 21 (estimated) 85.00 
— $702.00 
Die CHIN oink iioak dk dcin deb ddioenccccc $11,001.70 


The Secretary desires to express his appreciation to those mem- 
bers who have given their assistance in securing new candidates 
for membership as the increase has been more than double that 
of any year in the history of the Society, as will be seen by the 
tabulation, while the quality of the new members ranks high. 

The Secretary also desires to express his appreciation to the 
members of the committees who had charge of the annual and semi- 
annual meetings, their efforts having resulted in very successful 
gatherings at each convention. 

The influence of the Society has very materially increased during 
the year as evidenced by the many expressions of interest made to 
your Secretary by many with whom he has come into contact. 

In the year 1916 the Society should secure two hundred new 
members toward the effort of bringing the membership up to one 
thousand. 

The fact must not be forgotten, however, that the quality of the 
candidates must be well considered and only those who will bring 
credit to, and influence for good in, the Society should be scticlied 
in the campaign for new members. 


Respectfully submitted, 


J. J. Blackmore, Secretary. 


REPORT OF TREASURER 


The Treasurer makes the following report for the fiscal year of 
1915, from January Ist to December 31st: 


RECEIPTS DISBURSEMENTS 
January 
EN Onis wdwewad $2,344.38 
Collections ....... $1,404.35 
en 2.74 
: 1,407.09 Vouchers ......; , $1,159.69 


February: 
Collections , 809.01 NE, oc stercas 370.29 











XUM 


TWENTy-sECOND ANNUAL MEETING 


RECEIPTS—Continued 


March: / 
Collections ....... $896.20 
NNR: 6 Pisendess 9.81 
— 906.01 
April: 
Collections ....... 712.39 
May: 
Collections ....... 607.35 
June: 
Colbestieme@ 2664.0. $887.85 
Peer cere 6.63 
- 894.4% 


July: 


Collections ....... 230.70 
August: 

Collections: 2.0.2.0. 908.57 
September: 

Collections ....... 335.65 
October: 

Collections ....... 352.32 


November: 
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EXPENDITURES—Continued 


Vouchers 
Exchange 
Returned 


Vouchers 
Exchange 


Vouchers 
Exchange 


Vouchers 
Exchange 


Vouchers 
Exchange 


Vouchers 
Exchange 


Vouchers 
Exchange 


Vouchers 
Exchange 


Vouchers 


Collections 1,061.27 eee 
December: 

Collections ....... $1,010.96 Lae 
NI S85 track 18.59 rere 

$1,029.55 

$11,598.77 

SUMMARY 

a $9,216.62 a 
a. 37.77 Exchange .......... 


Bal. Jan. 


3, 1915.. 


——— $9,254.39 


2,344.38 Bal., Jan. 1, 1916.. 


$11,598.77 


Respectfully submitted, 


$1,587.90 
1.91 
20.00 


1,609.81 





$1,435.79 
43 





1,436.52 


560.20 





$481.15 
1.11 
_- 482.26 


$294.47 
.64 
295.11 


783.07 


273.98 


—= 563.59 


$893.04 


80 
een 893.84 
$640.51 
80 
——— - 641.31 


$9,069.67 


$9,061.35 
8.32 
= $9,069.67 
2,529.10 


$11,598.77 


Homer AppamMs, Treasurer. 
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PRESIDENT KimBALL: The next item on the program is a 
report of the Council relative to the report of the Committee on 
Ventilation Requirements, which was presented at the last annual 
meeting and which was accepted subject to some minor changes 
which were to be approved by the Council. 


The Council begs to report to the Society that the Report 
of the Committee on Suggestions for Minimum Ventilation 
Requirements for Public and Semi-Public Buildings for Legis- 
lation Purposes as presented in January, 1915, has been carefully 
considered and after making certain modifications and adding 
some “Council notations” has been approved and released for 
reprint and use. 

The report will appear in the April copy of the Society 
Journal, and individual reprints in pamphlet form will be avail- 
able about February 1st. 

FraNK T. CHAPMAN, 
For the Council. 


PRESIDENT KimBaLL: What is your pleasure regarding this 
report. If there is no objection, the report will be accepted and 
ordered on file. 

The reports of committees are next in order on the program, 
but as none of the chairmen are here I shal] pass them and pro- 
ceed to other items until they arrive. The report of the Committee 
on Cost of Operating Heating (and Ventilating) Plants in Office 

3uildings will not be made at this meeting. At the request of 
Mr. Walter S. Timmis, Chairman, it will be laid over until the 
summer meeting. 

I know of no business that would come under the head of un- 
finished business. If any member present knows of anything in 
this line I would like to hear from him. Nothing being offered, 
I shall proceed to the appointment of tellers to count the ballots 
for officers. 

Will Mr. Quay, Mr. Hunt and Mr. Greason serve as tellers? 

We will now take up the report of the Educational and Pub- 
licity Cominittee, which Mr. Franklin will present, as Chairman. 

The report was read by Mr. Franklin. 

The report was discussed by Mr. Chew, Mr. West, Mr. 
Davis, Mr. Kimball, Prof. Kent, Mr. Lyle and Mr. Franklin. At 
this point it was voted, on motion of Secretary Blackmore, that 
the further consideration of the report be deferred to the special 
session on Thursday morning at 10:30. 
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. PRESIDENT KIMBALL: We shall now have the report of the Com- 
mittee on Operating Costs of Public Buildings. In the absence 
of the author, the report was read by Secretary Blackmore. 

The report was discussed by Mr. Bolton, and President Kim- 
ball. 


PRESIDENT KimMBALL: The next paper is the report of the 
Committee on Cost of Operating Heating and Ventilating Plants 
in Hospital Buildings. 

The report was presented by A. M. Feldman and discussed by 
Mr. Bolton, Mr. Meyer, Mr. Jas. C. Goodrich and Mr. McCann. 


PRESIDENT KIMBALL: Our next business is the nomination 
of members for the Committee on Nominations for 1917. It 
is customary to nominate candidates from the floor. I shall ask 
Mr. Blackmore to record on the board the nominations as given. 


S. R. Lewis: I would suggest that since we have been unfor- 
tunate in having had placed on the nominating committee in the 
past years, men who have already served a number of times, or 
men who might be available for office, that it might be a good 
thing if I were permitted to read a list of those who have served 
recently. I also think that in order that we shall not nominate 
members who are up for election, that it would be wise for the 
Secretary to read the present ballot. 

The Secretary read the ballot, and Mr. Lewis read the names 
of members who have recently served. 


PRESIDENT KIMBALL: We are now ready to receive nominations 
for members of the Nominating Committee for 1917. 

The following nominations were offered: J. F. Hale, M. 
L. Foote, Ralph Collamore, Robert W. Pryor, Jr., W. G. Braemer, 
F. G. McCann, F. K. Davis, W. W. Macon, J. A. Donnelly and 
W. H. Driscoll. 

No further nominations being offered, a ballot was taken. Mr. 
Kiewitz and Mr. Ehrlich acted as tellers to distribute, collect and 
count the ballots. Five members were to be voted for. 


PRESIDENT KiMBALL: We shall now take up the subject of 
new business. 


S. R. Lewis: In the course of the development of the Society, 
it is felt that there are some slight amendments to the Consti- 
tution that might be desirable. 

The New York Chapter have had a Committee on the Revision 
of the Constitution, and they have submitted some recommenda- 
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tions for presentation to the members, and these recommenda- 
tions have been looked over by the members of the Council. 

One is with reference to obtaining information on new mem- 
bers, and in regard to their election. The old way is rather 
awkward and cumbersome, as well as expensive. We offer the 
following suggestions for changes in the Constitution: 

Article IV, Section 1—Every candidate for admission to the 
Society, except a candidate for honorary membership, must 
be proposed by at least two members to whom he should be 
personally known, and his application must be seconded by two 
other members. The proposers of a candidate for membership 
must see that the candidate makes a full and complete statement 
in writing of his qualifications for membership, including an 
account of his professional experience and a list of some of his 
work showing its character and diversity, together with an 
agreement that he will conform to the requirements of member- 
ship if elected. 

Art. IV, Sec. 3—All applications for membership are to be sent 
to the Secretary and they shall be acted upon by the Membership 
Committee as soon as possible. The names of the candidates 
passed upon favorably by the Membership Committee shall be 
printed in the next issue of the Journal or sent to the members 
in any other approved manner as may be ordered by the Coun- 
cil, accompanied by a notice inviting the members of the Society 
to submit favorable or unfavorable criticism or information re- 
garding the qualifications of the candidates. 

Art. IV, Sec. 4—Following the publication of the names of 
candidates in the Journal or other publication, as above provided, 
but in no case less than thirty days after such publication, the 
council shall vote by sealed letter ballot upon the election of the 
candidate proposed for membership. 

Art. IV, Sec. 5—If favorable votes to the extent of two-thirds 
of the council shall be cast for a candidate, he shall be elected. 
The names of the candidates not elected shall neither be recorded 
nor announced in the Proceedings. 

Art. IV, Sec. 6—Those candidates who are elected shall be 
notified at once, and their names shall be announced at the ensu- 
ing meeting of the Society. 

Art. IV, Sec. 8 to be omitted. 

Art. VII, Sec. 2—Eliminate in the third line the words “Elec- 
ted by ballot at the annual meeting,” and substitute for them 
“Appointed by the Council within two months after the date 
upon which it assumes office.” Also to change the last word 














TweENTy-sEconpD ANNUAL MEETING 29 


in the fifth line to “One candidate,” and add after the first word 
in the next line “Each of.” 

Art. V—Change in constitution. Add after the second sen- 
tence of the first paragraph of Art. V: “Four dollars of this 
amount to be considered as the subscription to the Journal.” 


These changes are signed by the requisite number to comply 
with the Constitution and By-Laws. 

It is required that these amendments be submitted to a busi- 
ness meeting of the Society, and if accepted by the meeting, the 
Secretary shall send copies of the proposed amendments to all 
the members with the reasons why it is thought desirable by the 
members presenting it that the changes should be made. Il 
move the adoption of these amendments. 


PRESIDENT KimpacL: Are there any remarks, or if not, is the 
motion seconded. 

The motion was seconded and carried that the amendments 
be accepted and submitted to the Council in the usual way. 


PRESIDENT KIMBALL: That was the easiest passage of matters 
regarding changes in the Constitution that we have had in some 
time. 

We have now reached the point in our program where we 
shall take up the first of the professional papers, that on Steam 
Required for Cooking, by Mr. Boyden and others. 

The paper was presented by Mr. Boyden and was discussed by 
Mr. Ehrlich, Mr. Kimball and Mr. Franklin, after which Mr. 
Boyden replied to the questions raised. 


PRESIDENT KimBaLL: We will proceed to consider the next 
paper by Prof. W. F. Verner, Cost of Removing and Replacing 
Pavements. 

Before this paper is presented, I wish to say, before I forget 
it, that we have had two applications for charters for new 
Chapters, one for Eastern Pennsylvania, in Philadelphia, and the 
other, the Ohio Chapter, in Cleveland, Ohio. The Council has 
considered these requests and recommends that the Society 
grant the charters. 

There has been nothing more encouraging in the past year than 
the good work done by the Chapters, for they have all helped 
materially in advancing the work of the Society. 

A motion was made and carried that the charters be granted. 

In the absence of Prof. Verner, the paper was presented by 
the Secretary. 
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The paper was discussed by Mr. Kimball, Prof. Kent, Mr. 
Boyden, Mr. Valentine and Mr. Blackmore. The session ad- 
journed at 5.45 p. m. 


SECOND SESSION—TUESDAY EVENING, JANUARY 18 


The meeting was called to order at 7.50 p. m., President Kim- 
ball in the chair. 

The tellers made the following report on the election of officers 
for 1916: 

For President—Harry M. Hart, Chicago. 

For Vice-President—Frank T. Chapman, New York. 

For Second Vice-President—Arthur K. Ohmes, New York. 

For Treasurer—Homer Addams, New York. 

For Council—Harry M. Hart, Chicago; Frank T. Chapman; 
Arthur K. Ohmes; Homer Addams; D. D. Kimball; Henry C. 
Meyer, Jr., New York; Dr. E. V. Hill, Chicago; Frank Irving 
Cooper, Boston; Walter S. Timmis, New York; C. R. Bishop, 
North Tonawanda, N. Y.; F. R. Still, Detroit, and M. W. 
Franklin, East Orange, N. J. 

The tellers also made the following report on the election of 
the Nominating Committee for 1917: 

Mr. John F. Hale, Chicago, IIl. 

Mr. W. H. Driscoll, Jersey City, N. J. 

Mr. R. W. Pryor, Jr., New York. 

Mr. W. W. Macon, New York. 

Mr. J. A. Donnelly, New York. 


PRESIDENT KiMBALL: The first paper to be presented this even- 
ing is by Mr. Lewis, Heating and Ventilating Plant, Waite High 
School. ' 


S. R. Lewis: This paper was written in accordance with a 
letter from the Secretary, suggesting that there would be a num- 
ber of papers outlining the costs of operation of various plants, 
and asking for one on school-house costs. It is, therefore, more 
elaborate than might be considered necessary, but it was not 
intended, when it was written, for a paper to occupy the first 
pages of the Journal. I do not think that it is necessary for me 
to read it in detail. 1 shall simply mention some of the par- 
ticular points as I go through the parer. 

The paper was discussed by Mr. Cassell, Mr. Barwick, Mr. 
Kimball, Mr. Collamore, Mr. Ehrlich, Mr. Quay, Mr. Kent and 
Mr. Donnelly and the various questions were answered by Mr. 
Lewis. 
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PRESIDENT KIMBALL: The next paper is that of Mr. J. F. 
Cyphers, The Cost of Heating an Industrial Plant. Mr. 
Cyphers, is one of our new members and his effort in placing 
this paper before the Society is, on that account, doubly appre- 
ciated. 

The paper was presented by Mr. Cyphers and was discussed 
by Mr. F. K. Davis, Prof. Kent, Mr. Donnelly, Mr. Ehrlich and 
Mr. Collamore and the questions raised were answered by Mr. 
Cyphers. 


PRESIDENT KIMBALL: The next paper on the program is that 
of Mr. S. Morgan Bushnell, Cost of Heating the Commonwealth 
Building of Chicago. 

The paper was presented by Mr. Bushnell and was discussed 
by Mr. Driscoll, Mr. Feldman, Mr. Timmis, Mr. Quay, Mr. Black- 
more, and Mr. F. K. Davis and the questions raised were replied 
to by Mr. Bushnell. 


PRESIDENT KimBALL: The next paper is that of Mr. George 
W. Martin, Cost of Operating Heating Plants. In the absence 
of the author, the paper was presented by the Secretary and was 
discussed by Prof. Kent, Mr. Timmis, Mr. Boyden, Mr. Bush- 
nell, and, as Mr. Martin had sent word he would reply to the 


various questions raised that they might appear in the Trans- 
actions, the matter was referred to the Secretary. 


"IIRD SESSION—-WEDNESDAY, JANUARY 19 


‘The meeting was called to order at 10.35 a. m., President 
Kimball in the chair. 


PRESIDENT KiMBALL: The first two papers this morning have to 
do with air leakage, so I think they had both better be read before 
we enter into any discussion on them. 

The first one is Air Leakage Through Windows, by Mr. 
Henry C. Meyer, Jr., and Mr. S. F. Voorhees. 


Henry C. Meyer, Jr.: The purpose of this paper is to give 
the results of a number of tests on window leakage. The tests 
were all made by Mr. Voorhees, of the firm of McKenzie, Voor- 
hees and Gmelin, who for some years have been the architects for 
the New York Telephone Co. 

The tests were brought about because of a great deal of trouble 
and expense in one building where the heating surface was found 
to be inadequate, due to the excessive leakage around the win- 
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dows, and a series of tests were run as described in this paper. 
I do not know that the results of these tests give a correct 
indication of what might be expected from similar windows. 
They are correct in a relative sense, however, and serve to bring 
out the importance of looking into the question of window 
leakage. 

I shall read the paper in full, as it is not very long. 


PRESIDENT KIMBALL: The other paper on a similar subject, 
Report on Air Leakage, by H. W. Whitten and R. C. March, 
will be read by Mr. Donnelly, whom I have asked to present it, 
in-the absence of Mr. Whitten. 

The papers were discussed by Mr. F. K. Davis, Mr. Quay, Mr. 
3olton, Mr. Cooper, Mr. Blackmore, Mr. Driscoll and Mr. Ohmes, 
after which replies to the questions were made by Mr. Meyer ard 
Mr. Voorhees. 


PRESIDENT KIMBALL: The next paper, Recirculation of Air in 
a School, by Prof. G. L. Larson, will be presented by Mr. Ohmes, 
in the absence of the author. 


A. K. Oumes: In this paper there are about forty pages of in- 
teresting matter, gotten together in very good shape. As it is 
impossible to read forty pages in less than one-half hour, I shall 
just bring out the important points in the paper. 

The paper was discussed by Prof. G. C. Whipple, Prof. M. C. 
Whipple and Mr. Ohmes. 


FOURTH SESSION—-WEDNESDAY AFTERNOON, JANUARY 19 


The meeting was called to order at 2.20 p. m., President Kim- 
ball in the chair. 

PRESIDENT KimBaLL: The first paper of the afternoon is that 
of Mr. Ohmes, on the Testing Institute of Berlin. 


A. K. Oumes: My purpose in bringing this paper before you 
is to make you acquainted with the fact of the existence of this 
Institute and give you such of its engineering details as I think 
will interest you. The paper is composed of two parts, first, a 
description of the building, and then something about its engi- 
neering features and experiments. One thing I do not want you 
to make a mistake about, and that is this data does not cover 
the complete work done by this Institute, but is merely a pres- 
entation of a very small portion of it for the purpose of showing 


you what has been done. 
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The paper was discussed by Mr. Feldman, Prof. Allen, Mr. 
Otis, Mr. J. H. Davis, Mr. Cary and Mr. Driscoll. 

At the close of the discussion a motion was offered and carried, 
that a committee be appointed by the President to consider the 
advisability of starting such an institute in the United States 
under the auspices of this Society and to report on the feasibility 
of such a plan. 


PRESIDENT KimMBALL: The next paper is that of Mr. W. H. 
Driscoll, A Description of the Heating and Ventilating Plant 
of the Equitable Building. 

The paper was read by Mr. Driscoll, who also offered the fol- 
lowing remarks: 


Ws. H. Driscott: I want to preface my paper by stating that 
whatever success has been obtained in this building reflects credit 
to Mr. G. W. Hubbard, as he made the original plans for this 
job and my connection with it was during the course of construc- 
tion. The tracings and cuts were made under my direction, but 
are merely a development of the drawings of Mr. Hubbard, in 
providing for the work of installation. Mr. Henry C. Meyer, Jr., 
as one of the consulting engineers, is also entitled to considerable 
credit. 

The paper is purely descriptive. I intended to enlarge on it, 
but found it impossible, so you will find this simply a description 
of the plant as installed. I shall call this a first of a series of 
papers going into the various problems and describing the meth- 
ods of solving them. 

The paper was discussed by Mr. Lewis, Mr. Driscoll, Mr. 
Ehrlich, Mr. Baldwin and Mr. Cary, after which Mr. Driscoll 
replied to the questions raised. 


PRESIDENT KimBaALL: The next paper is that of Prof. John 
R. Allen, a very interesting one on the Transmission of Heat 
in a Warm Air Furnace. 

The paper was discussed by Mr. Chew, Mr. Blackmore, Mr. 
Ehrlich, Mr. Cary and Mr. Baldwin: and the questions were re- 
plied to by Prof. Allen. 


PresIpENT KimBaLL: The next paper, the last one of this ses- 
sion, is that of Mr. F. N. Speller, the Prevention of Corrosion 
in Pipes. 

Mr. Speller read the paper and prefaced the reading by the 
following remarks: 
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A great deal has been said in recent years regarding the rela- 
tive corrosion of steel and wrought iron pipe, but little has been 
done on the prevention of corrosion in pipe. If as much time 
had been spent toward prevention of corrosion as has been used 
in vain endeavor to argue the question of relative corrosion, we 
would probably be much farther ahead and know more about 
this subject than we do at the present time. I shall read the 
last paragraph of the paper first, in order to get at the heart of 
the matter immediately, and then take up the subject in logical 
order. 

The paper was discussed by Mr. Cary, Mr. Carson, Mr. J. H. 
Davis, Mr. Kinkead and suitable replies were made by Mr. 
Speller. 


EXTRA SESSION—THURSDAY MORNING, JANUARY 20 


The meeting was called to order by President Kimball at 10.45, 
who stated that this extra session was to consider the report 
of the Committee on Education and Publicity, of which Mr. 
M. W. Franklin is chairman. The discussion will be opened by 
the Chairman of the Commitee, Mr. Franklin. 

Mr. Franklin was followed in the discussion by Prof. Kent, 
Prof. Carpenter, Prof. Allen, Mr. Lewis, Mr. Kimball, Dr. Hill, 
Mr. Donnelly, Mr. Fuller, Mr. Baldwin, Mr. Hart, Mr. Chap- 
man, Mr. Quay and Mr. West. 

A motion to close the discussion was introduced and regularly 
carried. 

It was then moved by Prof. Kent and seconded by Mr. Lewis 
that the report of the Committee be accepted and that the Com- 
mittee be continued, and further that the Committee report 
should be referred to the incoming Council with a request that 
they co-operate with the Committee in prosecuting this important 
work in any way that might seem desirable. 

The motion was duly put and carried. 


FIFTH SESSION—THURSDAY AFTERNOON, JANUARY 20 


The meeting was called to order at 2.15 p. m., President Kim- 
ball in the chair. 


Tue Presipent: I am going to make a slight change in the 
program by calling for the paper by Mr. J. J. Blackmore on Can 
We Standardize the Requirements of Ventilation, to be pre- 
sented first. 

The paper was presented by Secretary Blackmore. 
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PresipeNtT Kimpatt: The paper is now before you for dis- 
cussion and the discussion will be opened’ by Dr. E. V. Hill. 

Dr. Hill was followed by Mr. Kimball, Mr. Hart, Prof. Allen, 
Prof. Kent and Mr. Cooper, and the questions raised were then 
replied to by Mr. Blackmore. 


CHAIRMAN Hart: We will now have the report of the Chicago 
Commission on Ventilation, which will be read by the Secretary. 

The Secretary read the report, and it was discussed by Mr. 
Lewis, Mr. Armagnac, Mr. J. H. Davis, Mr. Baldwin and Mr. 
Hart. 


PRESIDENT KiMBALL: We will now listen to the Report of the 
New York State Commission on Ventilation, covering the work 
done during the year 1915, by George T. Palmer. 

The paper was read by Mr. Palmer, who called attention 
to the cross-arm hanging over the President’s chair, which illus- 
trated how the readings of the air movements were made in 
their experiments. 


PRESIDENT KimBaLL: The discussion will be opened by Mr. 
Chapman. 


F. T. CHAPMAN: I move you, gentlemen, that our Society take 
this opportunity to send a message to the New York State Com- 
mission on Ventilation, expressing our deep interest in and 
gratification over the thorough scientific research work the Com- 
mission is engaged in as evidenced by the paper presented to our 
Society convention in January, 1915, by D. D. Kimball and Mr. 
George T. Palmer, entitled Results of Physiological and Psycho- 
logical Observations During the First Year’s Experiments Made 
by the Commission, and again by the paper presented before 
us to-day by Mr. George T. Palmer, giving an outline of the 
activities of the Commission for the year 1915. 

The one point of most significant interest to us as Heating 
and Ventilating Engineers is that the physiological and psycho- 
logical observations and, in fact, all the research work done by 
the Commission has tended to prove more conclusively than ever 
before the need for ventilation in our occupied buildings and that 
even our quantitative standards of air change established on the 
old chemical basis serve very well on the new physical one. 

The motion was carried. 

This paper was further discussed by Mr. Franklin, Dr. Hill, 
Prof. Kent, Mr. Hart, Mr. McCann, and then Mr. Palmer further 
explained as to the work of the Committee and answered the 
several questions raised. 
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PRESIDENT KIMBALL: We have now concluded our program as 
far as the professional papers are concerned, and as we have to 
arrange for a meeting of the Council immediately after this 
session, I feel under the necessity of disnensing with the cus- 
tomary formality in the installation of the new officers. I trust 
you will pardon this procedure in view of the circumstances. 

I shall have Mr. Hart present himself to the chair and receive 
the gavel as the badge of his office. 


PRESIDENT KimpBaLi: Mr. Hart, in welcoming you as my suc- 
cessor, I do so with a great deal of pleasure and satisfaction, 
knowing that the direction of the affairs of the Society falls 
into good hands. I do it thinking that you appreciate what the 
office means, that you know it means more than honor, that it 
means a great demand on your time and labor, and I am sure 
that you accept it with that idea. I know that we shall be proud 
of your work. 

Your first duty will be to welcome your associates, and the 
members of the Council, or-rather those of them that are pres- 
ent. 


PresipENT Hart: I wish to thank you for this honor which 
has been granted to me. I appreciate the fact that there goes 
with this office much work, as well as honor, but I intend to ac- 
cept all of the honor that I can get and shoulder all the work 
I can on others. So now you may know what to expect. 


Will Mr. Chapman, the Vice-President, please come forward 
to assist me. Mr. Chapman came forward and was duly installed. 


I. T. CuapmMaANn: I thank you for this expression of confidence, 
and I am pleased to pledge you my best support. 

A. K. Ohmes, the second Vice-President, was asked to come 
forward and was duly installed. 

A. K. Oumes: I thank you for the honor conferred upon me, 
and I can only say that I shall work as well as I did last year. 

One thing I want to speak to you about now is the Journal. 
I should like you to feel a personal responsibility in making 
the Journal a success. We want the co-operation of all the 
members to make it a complete organ of the Society. I think you 
should ail submit an article a year to our publication, as this 
would be one of the best methods of doing something for the 


Society. 
Mr. Addams, the Treasurer-elect, was asked to come forward 
and was duly installed. 
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HoMeER AppAMs: This is a plain man’s job, and needs no further 
remark. 

PRESIDENT Hart: Will the members of the Council please step 
forward. 


The members came forward, and were duly installed by the 
President, who informed them there would be a meeting of the 
Council in the offices of the Society on the seventh floor immedi- 
ately after adjournment of this session. 


As there was no further business, the convention was ad- 
journed. 
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REPORT OF COMMITTEE ON MINIMUM VENTI- 
LATION REQUIREMENTS FOR PUBLIC AND 
SEMI-PUBLIC BUILDINGS FOR LEGIS- 
LATION PURPOSES* 


GENERAL STATEMENT 


A correct interpretation of the experimental work which has been 
carried on, relating to ventilation practice, forces certain conclu- 
sions : 

A. The necessity for adequate ventilation has been emphasized 
although the relative importance of certain factors has changed. 

B. A high temperature, especially if associated with a high rela- 
tive humidity, is injurious. — 

C. The proper relation between air temperature and relative 
humidity should be emphasized. 

D. Air movement in contact with the body materially assists 
normal heat dissipation. 

E. Air supply free from dust, bacteria and other contamina- 
tions is important. 

We believe that the importance of the following requirements 
in compulsory ventilation laws have been amply demonstrated: 

1. A minimum allotment per person of floor and air space based 
upon the nature of occupancy. 

2. A quantitative minimum air supply requirement. 

3. A carbon dioxide test for determining the quantity of air 
supply and its distribution. 

4. A temperature range limitation. 

5. The removal from the air of injurious substances arising 
from manufacturing processes or other causes. 

6. Air exhaust requirements for special service rooms (toilets, 
locker rooms, etc.). 





* Note.—See General Comments, inserted by the Council of the Society, directly 
following Committee signatures. 


Presented at the Annual Meeting of Tue American Soctety or Heating anp Ventt- 
LATING Enotneers, New York, January, 1915. 
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%. Definite requirements regarding the drawing, filing and ap- 
proving of plans for both new and existing buildings, in which ven- 
tilating equipments are to be installed or changes in the equipment 
made. 

8. Ample authority to enforce the law without recourse to civil 
action, and with sufficient operative and financial assistance to care 
for the clerical, field and technical details incurred by such en- 
forcement. 

9. The official body charged with the enforcement of such laws 
shall have authority to promulgate specific rules and regulations 
covering details of installation and operation not included in the 
law. Such rules and regulations must not conflict with the full 
intent and meaning of the law. 

Your Committee has decided that it would be impractical to 
attempt to draft a model ventilation law for reasons herein given, 
and because this would require an extensive building classification 
which could not be satisfactorily used in the various states, cities or 
towns where building laws and regulations, based on other classi- 
fications, are now in force. The Committee submits herewith first 
(under Section I) the specific report covering general suggestions 
for minimum heating and ventilation requirements that are applica- 
ble to all classes of buildings, and second (under Sections II, III 
and IV) separate sets of more definite requirements for schools 
and colleges, factories and theatres. 


Sections II, III and IV cover three very important classes of 
buildings, which are often the subject of separate legislation. Many 
other classes of buildings, such as department stores, hospitals and 
similar institutions, churches, restaurants, police stations, jails, 
bakeries, laundries, etc., for which the requirements for heating 
and ventilation are covered by careful interpretation and use of 
Section I, would be benefited by separate sets of requirements. It 
is apparent also that suggestions from our Society, covering prac- 
tical requirements for the heating and ventilation of street cars and 
certain other public conveyances are desirable. This report could 
be considerably enlarged to cover these subjects. 

The Committee strongly urges that educational and co-operative 
methods of improving heating, ventilating and sanitary conditions 
be studied and used as far as possible in addition to compulsory 
methods. 

The Committee wishes to thank the various members of the 
Society and others who have assisted in any way in the compilation 
of these recommendations. Whenever asked for, information was 
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cheerfully given when such information was available. Acknowl- 
edgments are especially due the investigations and recent committee 
reports concerning the work in New York City and to the ventila- 
tion code and experience in the City of Chicago. 


James D. HorrmMan, Chairman 
E. VERNON HILb 
FRANK T. CHAPMAN 


GENERAL NOTES INSERTED BY THE COUNCIL 


Our Society has, from time to time, been asked by State and 
legislative bodies and by public health and other organizations 
to furnish suggestions that will be of value in drawing up legislation 
regarding the heating and ventilation of buildings and this Com- 
mittee report presents general suggestions intended to be both 
conservative and practical. 

Attention is called to the fact that the Committee report deals 
with old buildings as well as new. The City of Chicago makes 
its ventilation laws apply to both old and new buildings with good 
results, yet there are some who object to making legal requirements 
apply to buildings other than new buildings. If in any case the 
following suggestions are used to apply to new buildings only, some 
modified requirements, as near the requirements for new buildings 
as possible, should, in the interest of public health, be enforced for 
existing buildings. 

The subject of ventilation embraces many variable factors (es- 
pecially in the case of factory work rooms) and the Committee has 
made its suggestions cover the general features in heating and 
ventilation most essential to the public health and decency in such 
a manner as to reasonably well protect the public with the least 
possible requirement for equipment; and has suggested practical 
conditions that should be maintained without unnecessarily limiting 
the method of obtaining the results. 

It is often desirable to have humidifying apparatus and humidity 
control, but, because of the expense of such equipment, humidity 
control (except as to keeping down excessive humidity) has been 
omitted from the suggested requirements. 

It is important to note that the suggestions given in the report 
are for average localities in the United States, taking New York. 
Boston and Chicago as examples, and that some modifications may 
be desirable to suit localities like the Pacific Coast, Gulf States 
and Alaska, or localities of unusually high altitude and dry climates 
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Specific rules, not included herein, will be needed covering details 
of installation and operation, such, for example, as have been formu- 
lated and adopted with excellent results by the Department of 
Health in the City of Chicago and the Industrial Commission of 
the State of Wisconsin. 

The removal from work rooms of objectionable dusts, fumes, 
gases, vapors, odors, fibres and other impurities created in manu- 
facturing processes, covered by general requirements in the report, 
is vitally important and will require specific rules that are practical 
and that may be widely applied. Space conditions per occupant 
should, under these conditions, be most liberal. Some good rules 
for removal of dusts, etc., from manufacturing establishments 
have been drawn up by the 1915 Industrial Board of the New 
York State Department of Labor and by the Industrial Commis- 
sion of Wisconsin. 

The administrative features of enforcing general ventilation laws 
are extremely important, and experienced and capable engineers 
are necessary as inspectors and as advisors to the administrative 
department. 

Good laws are often made almost useless for the want of proper 
administration and likewise inadequate laws are sometimes largely 
compensated by efficient and wise administration. 


THE COUNCIL. 





SECTION I 
GENERAL SUGGESTIONS FOR THE COMPILATION OF 
LAWS FOR COMPULSORY VENTILATION 
(Applicable to all Classes of Buildings) 


General: Sufficient and proper heating and ventilation shall be 
provided and maintained during occupancy in all rooms and all 
enclosed spaces, in all classes of buildings, to insure reasonable 
health and comfort conditions and maintain the requirements of 
Articles I to X_ inclusive. 


Article 1—Space per Occupant (minimum requirement ) 


Schools and colleges—class, study, lecture and recitation 
rooms, floor area per occupant in sq. ft 

Schools and colleges—class, study, lecture and recitation 
rooms, space per occupant (volume divided by number 


of persons) in cu. ft 
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Primary schools—class and study rooms (pupils under 8 
J y 








































years of age), floor area per occupant in sq. ft......... 12.5 
Primary schools—class and study rooms (pupils under 8 

years of age), space per occupant in cu. ft........... 150 
Theatres, auditoriums and court rooms, floor area per oc- 

SEE TOO. This 6.64045.000.00tn sn bane ernie eu neke aan 6 
Theatres, auditoriums and court rooms, space per occupant 

OU Te ddecnn sud nse snd SGN se dnsenhavectasbhe ver 90 
Factories, manual training rooms and other work rooms, 

OGG DOr MENON TB GB, TBs 6 56.06 668 oh atdd op skps ORES 250 


Minimum space conditions in all classes of buildings or rooms not 
tabulated shall be reasonable and practical and shall meet the ap- 
proval of the Department of Health. 


Article [I—Air Supply (minimum requirement) 


Sufficient outdoor air shall be provided for all occupied rooms 
or enclosed spaces at all times during occupancy, as may be neces- 
sary to meet the requirements of Articles I to XI, inclusive. 

The supply of outdoor air for the following classes of rooms shall 
be positive and based on a minimum quantity of air per occupant 
per hour as tabulated: 


lass, study and recitation rooms in all schools and colleges, 


OU, TE. PEE CORTE BON OW. oni shes 65 050d dd cee nesccs 1800 
Theatres, court rooms and other auditoriums............ 1200 
Factories, manual training rooms and other work rooms... 1500 


All air supply for ventilation must be from an uncontaminated 
source or air from which the dust or other impurities shall be suffi- 
ciently removed by washing, or otherwise, subject to the approval 
of the Department of Health. 


Article I1I—Air Distribution 


The distribution and temperature of the air supply for ventilation 
shall be so arranged as to maintain the temperature requirement, as 
stated in Article IV, without uncomfortable drafts, or any direct 
draft lower than 60° F., and as a test of proper air supply and 
distribution, it shall be required that the CO, content shall not at 
any time exceed 10 parts in each 10,000 parts of air based upon 
tests of air samples taken in a zone from 8 to 6 ft. above the floor 
line in any part of the occupied spaces. This requirement may be 
modified by the Department of Health, or other properly consti: 
tuted authority as applying to breweries, water charging rooms or 












48 Report ON MinimuM VENTILATION REQUIREMENTS 


other rooms where carbon dioxide is liberated in manufacturing 
processes. 










NOTE.—While carbon dioxide in the air, in reasonable quanti- 
ties, is not considered injurious to health, its presence in occupied 
rooms is an accurate measure of the air supply and distribution, tf no 
other source of carbon dioxide is present except the occupants of the 
room. 


Article 1|V—Temperatures. 


The temperature of the air in occupied rooms in all classes of 
buildings, during the periods of occupancy, shall be not less than 
60° F., nor more than 72° F., except when the outside temperature 
is sufficiently high that artificial heating in the building is not 
required. This requirement shall not apply to foundries, boiler or 
engine rooms, or special rooms in which other temperatures are 
required or considered advisable as approved by the Department of 
Health. 




























Article V—Heat Sources 


Any heat source which does not contaminate the air and which 
does not conflict with the requirements of the Health, Fire, Build- 
ing or Electrical Departments may be used both to warm the air 
supply for ventilation and to provide heat by direct radiation. 


Article VI—Removal of Injurious Substances by Mechanical 
Exhaust or Other Practical and Positive Means. 


Where dust, fumes, gases, vapors, odors, fibres or other impuri- 
ties are created or released in the course of a business or process 
carried on in any work room or other place in quantities tending to 
injure the health of occupants, there shall be provided canopies, 
hoods or other special devices, connected with an exhaust fan or 
fans of sufficient capacity and operated at sufficient pressure to re- 
move such impurities at their point of origin. Such fans shall be 
kept running constantly while such impurities are being generated 
or released and ‘shall discharge through ducts or flues to a point 
above the roof or otherwise, and when so directed by the Depart- 
ment of Health be provided with dust collectors or separators as 
may be required to safeguard the fresh air supply of the building 
or adjacent buildings and prevent any public nuisance. If prac- 
tical and positive means, other than mechanical exhaust, can be 
devised for keeping these impurities from the air, such means may 
be used when formally approved by the Department of Health. 
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Article VII—Excessive Temperature .and Humidity 


If, owing to the nature of the work done or the process carried 
on in a work room, factory, or other place of employment or oc- 
cupancy, excessive heat or humidity is caused therein sufficient to 
be injurious to health, there shall be provided and maintained spe- 
cial means or appliances to reduce and control such excessive heat 
and humidity as may be ordered by the Department of Health. 


Article VIII—Special Service Rooms 


Public and semi-public locker rooms, coat rooms, dressing rooms 
and wash rooms shall have exhaust ventilation equal to not less 
than six changes of air per hour, except where the window area 
opening directly to the outside air equals or exceeds one-eighth of 
the floor area of the room, subject to the discretion of the Depart- 
ment of Health. 


Article IX—Toilet Room Ventilation 


(a)—ZJnstallations in New Buildings 


Every toilet room or every water closet or urinal compartment 
shall be ventilated directly to the outer air by a movable window or 
by skylight with fixed or pivoted louvres. Every such room or com- 
partment shall have a window or glass skylight not less than one 
foot wide and of an area of at least six square feet for one water 
closet or urinal. For every such additional fixture the area of the 
window or skylight shall be increased by at least one square foot. 
The Department of Health may require mechanical ventilation in 
addition to the above requirement where under any special condi- 
tions, the window ventilation is deemed inadequate. The Depart- 
ment of Health may permit the installation of toilet rooms, water 
closet or urinal compartments with less window or skylight area 
than specified in this paragraph above, or without direct connection 
to the outer air, if a mechanical system of exhaust ventilation is 
provided, maintained and continually operated. This mechanical 
system shall consist of metal or smooth masonry ducts from the 
individual toilet rooms or compartments, to a fan or fans of suffi- 
cient capacity to exhaust a volume of not less than thirty-five cubic 
feet of air per minute for each water closet or urinal. If the air 
is exhausted from within two feet of each fixture this amount may 
be reduced to twenty-five cubic feet of air exhausted per minute per 
fixture, but in no case shall less than six changes of air per hour 
be allowed. 
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(b)—New and Existing Equipments in Old Buildings 


In existing buildings erected prior to the passage of this ordi- 
nance, every toilet room or water closet or urinal compartment shall 
be ventilated to the outer air by movable window, glass skylight 
with fixed or movable louvres, or by ventilating duct. Whenever 
any such toilet room having more than two fixtures (water closets 
or urinals) is ventilated solely by ducts, or whenever the window 
or skylight area is one-third less than the area required for “new 
buildings” positive ventilation complying with the requirements of 
subdivision (a) of this Article IX shall be installed and maintained 
if so ordered by the Department of Health. The Department of 
Health may, at its discretion, modify this requirement for four or 
less fixtures, or may require ventilation for two or less fixtures. 

(c)—-All Installations 

Every window or skylight mentioned in (a) and (b) of this 
Article shall be so constructed and maintained as to be easily opened 
at least one-half of its required area for windows and one-fourth 
its area for skylights. All exhaust fans used for ventilating toilet 
rooms shall exhaust to the outer air above the roof or at such points 
as not to cause offense to the occupants of the building or any 
other building or to create any public nuisance in the neighborhood. 

(d)—Air Shafts 

Whenever any air shaft used for ventilating toilet rooms is cov- 
ered by a skylight, the net opening or openings available in such 
skylight shall be at least equal in area to the cross-sectional area of 
the shaft requirement. 


Article X—UCellars 


All cellars, basements or spaces beneath buildings of any class or 
character shall be provided with windows or other means of ven- 
tilation and such cellars or spaces shall be at all times properly 
ventilated and maintained in a dry and sanitary condition. 


Article XI—Authorization 


The Department of Health is authorized to require additional or 
special ventilation or ventilating devices to cover any conditions 
which are unusual or require special treatment in occupied rooms 
or spaces in any class of buildings. 


Article X11—Plans 

3efore beginning the erection or alteration of any building, the 
architect or contractor, owner, agent or party in possession or con- 
trol, shall submit plans and specifications in duplicate showing and 
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describing in detail the ventilating equipment contemplated. Such 
plans must be prints taken from tracings drawn to scale on cloth, 
in ink or by some process that will not fade or obliterate. ‘The 
plans shall show accurately all necessary dimensions and details 
and shall be accompanied by a written statement giving the intended 
number of occupants of each room and the use of the room unless 
the plans clearly indicate these ‘facts. Such plans and specifica- 
tions must be submitted and approved by the Department of Health 
before work is allowed to proceed. During the erection or altera- 
tion of any such building, inspections must be made by persons duly 
authorized by the Department of Health and after completion a 
certificate shall be issued which states that the ventilating equip- 
ment of such building complies in all respects with the approved 
plans and specifications and with the laws governing the same. 


Article XI1I—Officials Empowered to Enter 


The Commissioner of Health or his duly authorized assistants 
shall have the right to enter any building covered by the provisions 
of the ventilation law, at any reasonable time, and at any time when 
occupied by the public, in order to examine such building and judge 
of the condition of the same and to discharge his duties pertaining 
thereto, and it shall be unlawful for any person or persons to in- 
terfere with him in the performance of this duty. 


Article XI1V—Oficials Empowered to Close 


Where it is discovered that any violation of the ventilation law 
is existing in any building the Commissioner of Health shall give 
due written notice to correct the same. If after a reasonable period 
this notice is not complied with, the Commissioner of Health shall 
have the power and it shall be his duty to close and keep closed to 
the public any such building or part thereof so long as the condi- 
tions of violation exist. 


NOTE.—I/t will be observed that the Committee has used the term 
“Department of Health” throughout its report, and while the 
Committee recommends that the enforcement of the laws be en- 
trusted to local health departments in cities and to State Boards of 
Health in smaller towns, it is evident that, in many cases, the en- 
forcement will be vested in other bodies, in which case the proper 
name of the body authorised should be substituted for the term 
“Department of Health” used in the recommendations. 
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SECTION II 


SCHOOLS AND COLLEGES 


(Minimum Heating and Ventilating Requirements Applying Spe- 
cially to all Schools and Colleges. Supplementary to Sec- 
tion 1) 


General: Sufficient and proper heating and ventilation shall be 
provided and maintained during occupancy in all rooms and all 
enclosed spaces in all Classes of school and college buildings to in- 
sure health and comfort conditions, as required by the Department 
of Health. 


Article I—Space per Occupant 


a. A minimum of 15 sq. ft. of floor area and 180 cu. ft. of space 
per occupant shall be provided in each class, study, lecture and 
recitation room, except that a minimum of 12% sq. ft. of floor area 
and 150 cu. ft. of space may be accepted in class and study rooms 
for pupils under eight years of age. 

b. A minimum of 6 sq. ft..of floor area and 90 cu. ft. of space 
per occupant shall be provided in auditoriums and assembly rooms. 

c. Minimum space conditions per occupant in all classes of rooms 
not tabulated shall be reasonable and practical and shall meet the 
approval of the Department of Health. 


Article 1I—Air Supply per Occupant 


Sufficient outdoor air shall be provided for all occupied rooms at 
all times during occupancy as may be necessary to meet the re- 
quirements of Articles II to VII, inclusive. 

A positive supply of outdoor air shall, while school is in session, 
be provided the following rooms, and the quantity of this positive 
air supply shall be equal to, or in excess of, the following minimum 
requirements per occupant per hour: 


Class, study and recitation rooms...........+e.eeeee8 1800 cu. ft. 
Auditoriums, lecture or assembly rooms and libraries. . .1200 cu. ft. 
General and chemical laboratories................006- 1800 cu. ft. 
Domestic science and manual training rooms.......... 1800 cu. ft. 


Offices, reception rooms, teachers’ rooms, retiring rooms, play 
rooms, corridors, gymnasiums and lunch rooms, shall have approved 
ventilation and the ventilation of gymnasiums shall be based upon 
a minimum of four changes of air in the room per hour, excepting 
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specific cases, where the Department of Health shall have the 
power to modify this requirement. 

The air Supply for ventilation shall be taken from an uncontami- 
nated source, or the air supplied must be air from which the dust or 
other impurities shall be sufficiently removed by washing, filtering 
or other approved method. 


Article III—Air Distribution 


The distribution and temperature of the air supply for ventilation 
shall be so arranged as to maintain the temperature requirement of 
the following Article IV, without uncomfortable drafts or any 
direct draft lower than 60° F., and as a test of proper air supply 
and distribution, it shall be required that the CO, content shall not 
be allowed to exceed 10 parts in each 10,000 parts of air, based 
upon tests of air taken in a zone from 3 to 6 ft. above the floor 
line in any part of the occupied spaces. ° 


Article [V—Temperature 


The temperature of the air in the various rooms and spaces within 
the building during the period of occupancy shall be maintained at 
all times throughout all occupied spaces within the ranges given in 
the following schedule, except when the outside temperature is suf- 
ficiently high that artificial heating in the building is not required : 


Class, study and recitation rooms............. 65° to 70° F. 
Auditoriums, lecture and assembly rooms....... 64° to 68° F. 
General laboratories, domestic science and 

manual training rooms .................4.: 60° to 68° F. 
CIID anc ncccccncdincddugeccduesssneeee Sea 
Offices, reception rooms, teachers’ rooms, retiring 

DEE  naduc¢odcess eed nectadebennaeaen 65° to 70° F. 
Ee ee ery eh OS 60° to 70° F. 
Play rooms, lunch rooms, locker rooms, wash 

rooms, dressing rooms and coat rooms...... 60° to 68° F. 
6 rer es neers Ss 


For rooms not named the temperature range shall be 60° to 70° 
F. according to use. 

This article shall not apply to outdoor school rooms, termed 
“open air” school rooms. 

An accurate thermometer shall be provided and remain set and 
maintained at a height of five feet from the floor against an inside 
wall of each class, recitation, study and lecture room. One such 
thermometer shall be placed and maintained in each laboratory, 
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domestic science and manual training room and at least two such 
thermometers in each auditorium, assembly room and gymnasium. 
Provide proper insulation between thermometer and wall. 


Article V—Special Exhaust Ventilation 


There shall be provided for all laboratories, domestic science 
rooms or other rooms where gases, fumes or other special impuri- 
ties are released in quantities tending to injure the health of the 
occupants, suction devices that shall remove such gases, fumes and 
other impurities from said laboratories, domestic science rooms or 
other rooms at or near the point of origin. When the Department 
of Health shall deem it necessary, proper hoods and ducts connected 
with exhaust fan or fans of sufficient capacity, and operating at 
sufficient pressure, shall be provided to remove such impurities. 
Said fan or fans shall be kept running constantly while such im- 
purities are bemg generated or released, and shall discharge at a 
point above the roof or otherwise as may be necessary to safeguard 
the fresh air supply for the building from contamination and pre- 
vent any public nuisance. 


Article VI—Special Service Rooms 


General locker rooms, coat rooms, dressing rooms and wash rooms 
shall have exhaust ventilation equal to not less than six changes of 
air per hour, except where windows of such rooms open directly to 
the outside air and are at least equal in area to one-eighth of the 
floor area of the room. In such cases the exhaust ventilation require- 
ment may be modified under discretion of the Department’ of Health. 


Article VII—Toilet Room Ventilation 


See Toilet Room Ventilation, Section I, Article IX. 


Article VIII—Heat Sources 


Any heat source which does not contaminate the air and whick 
does not conflict with the requirements of the Health, Fire, Building 
or Electric Departments may be used both to warm the air supply 
for ventilation and to provide heat by direct radiation. 


Article 1X—Temperature Control 


Temperature control, preferably of an automatic type, shall be 
required for all heated and ventilated rooms. The temperature 
regulator, whether by automatic or hand control, shall be so arranged 
that its operation will not decrease the required volume of air 
supply for ventilation. 
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Article X—Moving Picture Machines 


Where facilities are given for moving picture machines, all ven- 
tilation and fire protection shall conform to Section IV, Article VI, 
and accompanying suggestions. 


Article XI—Gravity Indirect Systems 


Gravity indirect heating and ventilating systems of approved de- 
sign meeting the general requirements of this Section II may be 
accepted for small school houses not exceeding eight class rooms, in 
localities where proper motive power for positive or mechanical 
ventilation is lacking, provided such gravity system shall, with room 
temperature maintained at 70° F. and a difference of 40° F. between 
the temperature of the outside air and that of the air entering the 
room at the warm air inlet, be capable of supplying at least 30 cu. 
ft. of air per minute for each pupil accommodated in the room 
or rooms. 


GENERAL SUGGESTIONS FOR SCHOOLS AND COLLEGES 


General questions, such as inspection, method of enforcing the 
requirements, penalties for non-compliance, etc., are left largely for 


each state, city or town to determine, although some pertinent sug- 
gestions covering these matters are made in Section I, Articles XI, 
XII, XIII and XIV. Inspection, method of enforcing and penalties 
are vitally important and should ‘have careful consideration. 

It should be especially noted that the foregoing regulations call 
for a minimum of all requirements as compulsory, and that it 
should be the aim of the administrative department having enforce- 
ment of the regulations in charge, to encourage the installation of 
liberal and high-class equipment in our schools for the public in- 
spiration as well as for the health and comfort of the occupants. 

In Article I, minimum floor space and volumes for laboratories, 
manual training and domestic science rooms were omitted because 
of the wide diversity of existing practice. Values which seem rea- 
sonable are: 

Floor space, per occupant, 25 sq. ft.; volume, per occupant, 300 
cu. ft. 

In Article II, “air from an uncontaminated source” comprehends 
a supply of air, either normally pure as it enters the building or 
purified by some approved method before being distributed to the 
rooms in the building. 

Elimination of dust from the air supply by means of air filters or 
air washers is desirable even under the best conditions and is abso- 
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lutely imperative under some conditions of especially dusty air 
supply. 

The controlling of relative humidity, within the range of thirty- 
five per cent. to fifty per cent. is desirable, wherever possible. 

Rules for opening class room windows, under proper supervision, 
during recess periods are often valuable. 

Strong emphasis is placed on the need of having. the adminis- 
trative feature of legislation, of the kind here advocated, placed 
in the control of a responsible department, such as a State Depart- 
ment of Health in the case of villages, and a Municipal Department 
of Health or some other responsible municipal department for cities. - 
It is further urged that such department be supplied with a special 
inspector or inspectors, experienced in heating, ventilation and sani- 
tation, and that such department be given reasonable latitude by 
legislation to require approval of plans preceding installation; to 
require special extra equipment for special cases, such as dust filters 
or air washers for air supply where the same is especially dust 
laden ; to require fans in the auditorium to keep the air in motion 
where air distribution is deficient, etc., it being made clear in the 
legislation that such latitude should in no case include the right 
to reduce the general legal ventilation requirements. 

The Committee recommends that the clauses relating to the power 
of entry and closure by authorized officers as stated in Section I, 
Articles XIII and XIV of this report (which have been of great 
benefit in the City of Chicago), or clauses to the same effect, be in- 
cluded in every ventilation law. 





SECTION III 


FACTORIES 


(Special Minimum Heating and Ventilation Requirements Applying 
to all Classes of Factories and Work Rooms. Supplementary 
to Section I) 
Definition 
Any building or room where persons are at work or employed in 
the manufacture, assembling or repairing of goods or materials 


which are not for their own family consumption or personal use 
shall be deemed a “factory” for the purposes of this Section. 
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General Requirement 


The owner or lessee or tenant or agent of a building used as a 
factory, or in which a factory work room or work rooms are lo- 
cated, or the owner, or lessee or tenant or agent of any work room 
in any building used for factory purposes, shall provide and main- 
tain for every work room thereof and for all allied service rooms 
in connection therewith (such as office, stock, sorting, shipping, 
wash, dressing, locker and toilet rooms) good and sufficient ven- 
tilation and healthful temperature and humidity conditions at all 
times during working hours. 


Article I—Space per Occupant 


A minimum space of 250 cu. ft. per occupant shall be pro- 
vided in all work rooms, and no work room, of which occupancy is 
taken after the date of issuance of this provision, shall have less 
than a clear height of 10 ft. 


Article II—Air Supply per Occupant 


A positive supply of outdoor air from an uncontaminated source 
shall be provided for the work room at all times during working 
hours, and the quantity of this supply of outdoor air shall be based 
upon a minimum requirement of 1500 cu. ft. per hour per occupant, 
introduced in such a manner as to fully meet the requirements of 
Articles III and IV. 


Where the space per occupant is less than 1000 cu. ft. or the 
window area, opening directly to out of doors, is less than eight 
sq. ft. per occupant, a positive air supply shall be furnished by 
mechanical or other means. 


Article III—Air Distribution 


The distribution of the fresh air supplied shall be so arranged as 
to maintain the temperature requirements without uncomfortable 
drafts, or any direct draft lower than 60° F. in occupied spaces. 
(See exceptions under the following Article No. IV.) One test of 
proper air supply and distribution will be that the CO, content in 
any occupied part of a work room shall not at any time exceed 10 
parts in each 10,000 parts of air, based upon tests of air taken in 
a zone from 3 to 6 ft. above the floor line in any part of the occu- 
pied spaces. (See exceptions in Section I, Article ITI.) 
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Article 1V—Temperature 


The temperature of the air in any work room shall, at all times 
during working hours, be maintained throughout the actual working 
spaces, within the range of 60° F., to 72° F., depending upon the 
class of work and workers—except when the outside temperature is 
sufficiently high that artificial heating in the building is not required 
or when the particular class of work requires or makes advisable 
other temperatures that may be allowed by the Department of 
Health. 

The temperature of the air in offices shall be maintained during 
occupancy within the range of 65° to 70° F.; in wash, dressing and 
locker rooms during working hours, 60° to 70° F.; and in toilet 
rooms 55° to 68° F. 

Accurate thermometers shall be provided, set and maintained at 
a height of 5 ft. from the floor of all work rooms, at least one 
thermometer for every 2500 sq. ft. of floor area. Provide proper 
insulation between thermometer and wall. 


Article V—Heat Sources 


Any heat source which does not contaminate the air and which 
does not conflict with requirements of the Health, Fire, Building or 
Electrical Departments, may be used both to warm the outdoor air 
supply and to provide heat by direct radiation. 


Article VI—Special Service Rooms 


Locker, wash, dressing and coat rooms shall be ventilated in a 
manner approved by the Department of Health. See Section I, 
Article VIII. 


Article VII—Removal of Injurious Substances by Mechanical 
Exhaust or Other Practical and Positive Means 

Where dust, fumes, gases, vapors, odors, fibres or other impuri- 
ties are created or released in the course of a business or process 
carried on in any work room or other place in quantities tending to 
injure the health of the occupants, there shall be provided canopies, 
hoods or other special devices, connected with exhaust fan or fans 
of sufficient capacity and operated at sufficient pressure to remove 
such impurities at their point of origin. Such fans shall be kept 
running constantly while impurities are being generated or re- 
leased, and shall discharge at a point above the roof or otherwise, 
if so directed by the Department of Health, and be provided with 
dust collectors or separators as may be required to safeguard the 
fresh air supply of the building or adjacent buildings and prevent 
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nuisance in the neighborhood. If practical and positive means, 
other than mechanical exhaust, can be devised for keeping these 
impurities from the air, such means may be used when formally 
approved by the Department of Health. 

Whenever the amount of air exhausted by suction devices to meet 
the above requirements exceeds the amount of air supply required 
for ventilation, the air supply for ventilation shall be increased suf- 
ficiently to prevent undue air inleakage. 


Article VIII—Excessive Temperature and Humidity 


If, owing to the nature of the work done or the process carried 
on in a work room or any occupied space in any factory, excessive 
heat or humidity is caused therein, sufficient to be injurious to 
health, there shall be provided and maintained special means or 
appliances to reduce and control such excessive heat according to 
the requirements of Article IV, and the relative humidity shall not 
be permitted to exceed sixty-five per cent. except when outside 
weather conditions prevent or when said rooms are used for special 
purposes which, according to the Department of Health, require or 
make advisable other humidities. 


Article 1X—Filters and Air Washers 


If, in the opinion of the Department of Health, the air supply to 
any building is deemed impure or especially dust laden, filters, air 
washers or other appliances, satisfactory to the Department, must 
be provided. 


Article X—Air Contamination from Gas Burners 


Where artificial or natural gas is burned in any occupied work 
room, it shall be the duty of the Department of Health to inspect, 
and said Department can require special or additional ventilation 
to overcome any objectionable condition. 


Article XI—Toilet Room Ventilation 


See Toilet Room Ventilation, Section I, Article LX, of the gen- 
eral heating and ventilating requirements. 


GENERAL SUGGESTIONS FOR FACTORIES 


General questions, such as inspection, method of enforcing the 
requirements, penalties for non-compliance, ete., are left largely for 
each state, city or town to determine, although some pertinent sug- 
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gestions covering these matters are made in Section I, Articles XI, 
XII, XIII and XIV. Inspection, method of enforcing and penalties 
are vitally important and should have careful consideration. 


It should be especially noted that the foregoing regulations call 
for a minimum of all requirements as compulsory, and that it should 
be the aim of the administrative department having the enforcement 
of these regulations in charge, to encourage the owners and operators 
of said factories to provide as comprehensive, liberal and high-class 
equipment as possible, with a view to catering to the comfort, health 
and efficiency of the employees. 

Elimination of dust from the air supply by means of air filters 
or air washers is desirable under the best conditions, and is abso- 
lutely imperative under some conditions of especially dusty air 
supply. 

The controlling of relative humidity, within the range of thirty- 
five per cent. to fifty per cent. is desirable wherever possible. 

Rules for airing all work rooms during the noon hour by means of 
open windows is, under proper supervision, often valuable. 

Strong emphasis is placed on the need of having the administra- 
tive features of legislation, of the kind here advocated, placed in 
control of a responsible department, such as a State Depart- 
ment of Health in the case of villages, and a Municipal Depart- 
ment of Health, or some other responsible municipal department, for 
cities. It is further urged that such department be supplied with 
a special inspector or inspectors, experienced in heating, ventilation 
and sanitation, and that such department be given reasonable lati- 
tude by legislation to establish rulings within the law to require 
approval of plans preceding installation; to require special extra 
equipment for special cases, such as dust filters or air washers for 
air supply where the same is especially dust laden; to require fans 
in special places to keep the air in motion where air distribution 
is deficient, etc., it being made clear in the legislation that such 
latitude should in no case include the right to reduce the legal 
ventilation requirements. 

Definite penalties, such as fines for minor offenses, up to a closing 
of the establishment for important or repeated violations, are in- 
dispensable to get practical results. 

The Committee recommends that the clauses relating to the power 
of entry and closure by authorized officers as stated in Section I, 
Articles XIII and XIV of this report (which have been of great 
benefit in the City of Chicago) or clauses to the same effect be 
included in every ventilation law. 
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SECTION IV 
THEATRES 


(Special Minimum Requirements Applying to all Classes of Theatres 
and Motion Picture Houses. Supplementary to Section 1) 


Article I—Space per Occupant (new places) 


a. A minimum of 4 3/5 sq. ft. (must be at least 33 in. back 
to back of seats by at least 20 in. width of seat) of floor area as 
a seating space per occupant, exclusive of aisles and public passage- 
ways, shall be provided in the audience hall. 

b. A minimum of 90 cu. ft. of air space, per occupant, shall be 
provided in the audience hall. 

c. Aisles shall have in the aggregate a width of not less than 
20 in. for each 100 seating capacity, and for fractional parts of 
100, a proportionate part of 20 in. shall be added. No aisles 
shall have a width of less than 30 in. 


Article 1-A—Space per Occupant (existing places) 


a. A minimum of 4 1/3 sq. ft. (preferably 32 in. back to back 
of seats by 19% in. width of seat) of floor area as a seating 
space per occupant, exclusive of aisles and public passageways, 
shall be provided in the audience hall. 

b. A minimum of 80 cu. ft. of air space, per occupant, shall be 
provided in the audience hall. 

c. Aisles shall have in the aggregate a width of not less than 
20 in. for each 100 seating capacity, and for fractional parts of 
100, a proportionate part of 20 in. shall be added. No aisles shall 
have a width of less than 30 in. 


Article II—Air Supply per Occupant (new places) 


A positive supply of outdoor air from an uncontaminated source 
shall be provided for the audience hall at all times while the show 
place is open to the public, and the quantity of this positive supply of 
outdoor air shall be based upon a minimum requirement of 1200 
cu. ft. per hour per occupant. 


Article Ii-A—Air Supply per Occupant (existing places) 


A positive supply of outdoor air from an uncontaminated source 
shall be provided for the audience hall at all times while the show 
place is open to the public, and the quantity of this positive supply of 
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outdoor air shall be based upon a minimum requirement of 1000 
cu. ft. per hour per occupant. 


Article I11I—Air Distribution (new places) 


The distribution of the supplied outdoor air in the audience hall 
shall be so arranged as to maintain the temperature requirement 
without uncomfortable drafts, or any draft lower than 60° F., and 
as one test of proper supply and distribution, it shall be required 
that the CO, content in any part of such audience hall shall not at 
any time exceed 10 parts in each 10,000-parts of air, based upon 
tests of air taken in a zone from 3 to 6 ft. above the floor line in 
the occupied spaces. 


Article 11I-A—Air Distribution (existing places) 


The distribution of the supplied outdoor air in the audience hall 
shall be so arranged as to maintain the temperature requirement 
without uncomfortable drafts, or any draft lower than 60° F., and 
as one test of proper supply and distribution, it shall be required 
that the CO, content in any part of such audience hall shall not at 
any time exceed 12 parts in each 10,000 parts of air, based upon 
tests of air taken in a zone from 3 to 6 ft. above the floor line in 
the occupied spaces. 


Article I[V—Temperatures (both new and existing places) 


The temperature of the air in the audience hall during period of 
occupancy shall be maintained at all times throughout all occupied 
spaces within the range of 62° F. to 70° F., except when the out- 
side temperature is sufficiently high that artificial heating in the 
building is not required. 

The temperature of the air in dressing rooms, smoking rooms, 
stage, ante-rooms, ticket offices, toilets and any occupied spaces 
other than the auditorium, shall be maintained as the special use 
thereof makes desirable within the range covered by Section I, of 
the general ventilation requirements. 


Article V—Heat Sources (both new and existing places) 


Any heat source which does not contaminate the air and which 
does not conflict with the requirements of the Health, Fire, Build- 
ing or Electrical Departments may be used both to warm the out- 
door air supply and to provide heat by direct radiation. 

All stoves are prohibited and all gas heaters, except when fur- 
nished with ample protection and adequate means for the removal of 
the products of combustion, are prohibited. 
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Article Vi—Machine Booth Ventilation (both new and existing 
places) 


Enclosures or booths for the motion picture machines shall be 

provided with exhaust ventilation having sufficient capacity to re- 
move at all times not less than 60 cu. ft. of air per minute through 
a one-machine booth, not less than 90 cu. ft. of air per minute 
through a two-machine booth, and not less than 120 cu. ft. of air 
per minute through a three-machine booth. See “General Sugges- 
tions for Theatres” for further details. 
‘ Where picture machines, films, and their equipment are passed 
as fireproof by the National Board of Fire Underwriters, the 
Department of Health may, at its discretion, modify the booth 
requirements. 


Article VII—Air Exhaust System 


Attention is called to the general ventilation requirements for 
Special Service Rooms, Section I, Article VIII. 


Article V1IJ]—Toilet Room Ventilation (both new and existing). 


See Toilet Room Ventilation, Section I, Article IX. 
GENERAL SUGGESTIONS FOR THEATRES 


General questions, such as inspection, method of enforcing the 
requirements, penalties for non-compliance, etc., are left largely for 
each state, city or town to determine, although some pertinent sug- 
gestions covering these matters are made in Section I, Articles XI, 
XII, XIII and XIV. Inspection, method of enforcing and penal- 
ties are vitally important and should have careful consideration. 

It should be especially noted that the foregoing regulations call 
for a minimum of all requirements as compulsory, and that it should 
be the aim of the administrative department having enforcement of 
the regulations in charge, to encourage the owners and managers of 
motion picture shows to provide as comprehensive, liberal and high- 
class equipment as possible, with a view to catering to the comfort 
and health of the patrons and thus adding to the popularity of the 
show place as compared with others which have barely come within 
the legal requirements. 

The eighty cubic feet of air space per occupant, allowed by the 
recommended regulations for “existing places,” has been arrived at 
as an extreme minimum cubic space which should be allowed per 
individual when considering difficult cases of old established places. 
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Ninety cubic feet of air space per occupant is considered minimum 
for “new places,” and should be increased wherever possible. 

A mechanical system of exhaust ventilation is desirable for the 
auditorium of a theatre in addition to the air supply system, but a 
mechanical system of exhaust ventilation is not made compulsory 
except where it may be necessary to meet the temperature and air 
distribution requirements. 

The requirement for machine booth ventilation may be fulfilled 
by having a number of small metal screened openings (equipped 
with special dampers and automatic appliances with fusible link to 
automatically close tight in case of fire in the booth) on the sides 
of the booth near the bottom, aggregating 180 sq. in. for a one- 
machine booth, 210 sq. in. for a two-machine booth, and 240 sq. in. 
for a three-machine booth, and a metal or other fireproof flue 
extending from the top, or the side near the top, of the booth and 
carried to a proper place of discharge outdoors. The size of this 
special fireproof vent flue shall be not less than 95 sq. in. clear area 
for a one-machine booth, not less than 120 sq. in. clear area for a 
two-machine booth, and not less than 144 sq. in. clear area for a 
three-machine booth, and in addition it shall be provided with an 
adjustable damper, operated from the booth and equipped with an 
appliance containing a fusible link or other device to operate so as 
to automatically open the damper wide in case of fire in the booth. 
Provide a metal duct equal in size to the special exhaust duct 
referred to for the different sizes of booths and connecting from 
out of doors to the bottom or lower part of booth for the intro- 
duction of outdoor air directly to the booth. This duct shall pitch 
from the booth downward to the outside wall of the building, 
shall be provided at the inlet with proper louvres or weather pro- 
tection hood, and shall have an adjustable damper near the booth, 
said damper to be controlled from within the booth and to be 
independently equipped with an appliance containing a fusible link 
or other device to operate so as to automatically close in case of 
fire in the booth. The machine booth ventilation shall be kept in 
operation at all times when the booth is in use. 

Where picture machines, films, and their equipment are passed 
as fireproof by the National Board of Fire Underwriters, the 
Department of Health may, at its discretion, modify the, booth 
requirements. 

Elimination of dust from the air supply by means of air filters 
or air washers is desirable even under the best conditions and is 
absolutely imperative under some conditions of especially dusty air 
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supply. This question is dealt with by suggestion in the following 
general clauses. 

The controlling of relative humidity, within the range of thirty- 
five per cent. to fifty per cent. is desirable, wherever possible, but 
the Committee decided to omit from the regulations any humidity 
requirement in theatres. 

Strong emphasis is placed on the need of having the administra- 
tive feature of legislation, of the kind here advocated, placed in 
the control of a responsible department, such as a State Depart- 
ment of Health in the case of villages, and a Municipal Depart- 
ment of Health or some other responsible municipal department 
for cities. It is further urged that such department be supplied 
with a special inspector or inspectors, experienced in heating, ven- 
tilation and sanitation, and that such department be given reason- 
able latitude by legislation to require approval of plans preceding 
installation; to require special extra equipment for special cases, 
such as dust filters or air washers for air supply where the same is 
especially dust laden; to require fans in the auditorium to keep 
the air in motion where air distribution is deficient, etc., it being 
made clear in the legislation that such latitude should in no case 
include the right to reduce the general legal ventilation requirements. 

Definite penalties, such as fines for minor offenses, up to a sus- 
pension or revoking of licenses for important or repeated viola- 
tions, are indispensable to get practical results. 

The Committee recommends that the clauses relating to the 
power of entry and closure by authorized officers as stated in 
Section I, Articles XIII and XIV of this report (which have been 
of great benefit in the City of Chicago) or clauses to the same effect 
be included in every ventilation law. 








No. 394 


REPORT OF COMMITTEE ON EDUCATION AND 
PUBLICITY 


Your Committee on Education and Publicity, appointed by 
President Kimball, have the honor to submit the following 
report: 

In general the engineering professions, and accordingly, the 
engineers, have developed as a necessary issue of industrial ac- 
tivities. ‘There were telegraph lines before there were electrical 
engineers ; there were mines before there were mining engineers ; 
there were bridges before there were civil engineers, and there 
were buildings before there were mechanical engineers or even 
architects. The essential fact is that the engineer appears al- 
ways after the inception of the art. Engineering as related to 
building came only when the buildings had become so complex 
that architects, who fundamentally are artists, became unable, 
personally, to handle all of the details, as in our highly differ- 
entiated modern structures. The same applies in other branches 
of engineering. 

The first engineers were connected with the manufacturing 
concerns. Electrical manufacturers, e.g., at first made motors, 
dynamos, lamps, switchboard devices, etc., always in a rule-of- 
thumb’ manner. Then certain individuals developed specialties 
and specialized, thus evolving electrical machinery along scien- 
tific lines, economically and with growing precision. 

In the meantime there existed a period during which the 
greater amount of work was done without the assistance of 
especial electrical engineers, but engineers gréw in number with 
time and the amount of empirical work has diminished, until at 
present the profession is highly specialized, and little, if any, 
manufacturing is done without the direct assistance of engineers. 
The Heating and Ventilating art has been and is experiencing 
precisely the same process of evolution above exemplified. At 


Presented at the Annual Meeting of Tue American Society or Heatinc ann VeEN- 
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a time when there were no Heating and Ventilating engineers, 
naturally these could not have been hurt by neglect; but just 
now much work is being done without Heating and Ventilating 
engineers, and the smaller amount of work is done with their 
aid. Manufacturers of Heating and Ventilating devices are tak- 
ing a leaf from the experience book of the electrical manufacturers 
and employing engineers in their offices and works. In the 
Electrical and Mechanical fields, the manufacturers’ engineers 
often have acted as consultants to prospective customers, and a 
condition existed wherein the manufacturer stood in an advisory 
relation to his clients, telling them which machines to employ 
and how to use them. 

What has been said in reference to electrical manufacturers 
applies equally to blowers, boilers, radiators, air-washers, valves 
and other Heating and Ventilating devices. It has been neces- 
sary for manufacturers to act as consultants, but the tendency 
of the manufacturer is always to confine himself to his legitimate 
function and only to manufacture and sell machines. Conse- 
quently it becomes inevitable that a class of experts or specialists 
be evolved who shall act as links between the manufacturers and 
the consumers. These are the consulting engineers, whose prov- 


ince is analogous to that of the architect. They advise the cus- 
tomers as to the best disposition, arrangement and operation 
of their machines and they select these only with reference to the 
best interests of the customer. These expert engineers, in the 
established branches, experience no difficulty on the score of being 
able to collect consultants’ fees. 


The difficulty with the Heating and Ventilating Engineer 
seems to be that his organization has not yet so far developed 
that he is generally known to, and appreciated by the lay public 
as the necessary element in the industrial community which, in- 
deed, he is. We think that the fundamental problem is how to 
have the Heating and Ventilating engineers become widely 
known. People cannot be expected to pay for anything the 
existence’ of which they are not aware of. When buildings were 
simply architectural creations without engineering structure, 
engineers did not receive specific fees for what small assistance 
they rendered the architects, but with the advent of the modern 
steel sky-scraper and other highly developed industrial struc- 
tures which are now so common, it is accepted as a matter of 
course that an engineer be retained as well as an architect. 
Up to now the Heating and Ventilating engineer has been 
regarded as being concerned with something that comes in the 
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natural course of events and he is accepted too often without 
being recognized. Many people build buildings without ever 
knowing that there is any Heating and Ventilating or Sanitary 
problem involved. The problem falls to an architect who solves 
it as best he can, if it be simple. If the case be complex, the 
architect seeks help outside, and naturally, being human, he 
seeks it where it can be obtained cheapest. In the majority of 
cases this is from either a contractor or manufacturer, who, to 
get the business, does the engineering for nothing, and in general, 
it is worth what it costs. Too few people are alive to the value 
of, or indeed know of the Heating and Ventilating engineer. 
Therein lies the fundamental difficulty which the profession is 
now experiencing and the solution will be found in the engineers’ 
becoming widely known. 

Another essential difficulty which confronts the Heating and 
Ventilating Engineering profession is the inadequate prepared- 
ness of entrants into its ranks. The profession has evoluted from 
the empirical, practical and generically non-technical manufac- 
turers, each of whom has worked his own problems as trade 
individualisms. The broad fundamental essentials of the art have 
not been widely diffused by its founders, but instead, have been 
treasured and guarded as trade secrets. Consequently, manu- 
facturers and consulting engineers must seek for new men either 
from among shop apprentices who have little or no, technical 
education, or from among college graduates who possess no 
practical experience and little technical knowledge of the branch 
of engineering they are about to enter. The universities and 
technical schools have not generally recognized Heating and 
Ventilating as a separate and specialized branch of engineering, 
and the trades, in general, have not advocated the general dis- 
semination of knowledge of how to ply their callings. 

The deliberations of your committee have been concerned, firstly, 
with ways and means of promulgating widely the specialized tech- 
nical information of the Heating and Ventilating Engineer for the 
general welfare and development of the profession, and, secondly, 
with the proper presentation of the profession of Heating and Ven- 
tilating Engineer to the public it serves. 

The work has been undertaken under the superintendence of four 
sub-committees, viz. : 

Scope of Engineering Education and Faculty, 
Popular Lectures and Publicity, 

Professional Ethics, 

Finance. 





70 Report of CoMMITTEE ON EDUCATION AND PUBLICITY 


An educational propaganda, professional and public, popular 
lectures, an ethical campaign of newspaper publicity, are among 
the suggested points of attack. The public should be taught 
to recognize that this is an important branch of engineering 
which should be as widely known and recognized as are the 
other engineering professions which have been in the public 
eye for longer periods. 

Your Committee recommends the preparation of a series of 
text-books forming an encyclopedia on the subject of heating, 
ventilation and sanitation, to be issued by the Society and pre- 
pared by its members as far as possible, with contributing sec- 
tions from external sources where found expedient. This set 
of text-books would form the basis of instruction to be given 
under the direction of the Chapters of the Society in all places 
throughout the country where suitable men could be found to 
conduct classes; and, as a part of this general educational work, 
a standardized syllabus could be prepared covering a course of 
lectures, and graded diplomas could be given by the Society 
certifying as to the amount of work done by the students; these 
diplomas having two or more grades as might be developed by 
the Committee appointed to take charge of such work. The 


encyclopedia should contain a carefully edited review of the 
past work of the Society and should be complete with data from 
the best available and most reliable sources. 


The problem of press notices for the Society and the pro- 
fession has been considered at some length as well as that of 
lectures of an educational and non-technical character for the 
public. We feel that the profession can render the general 
public an invaluable service in educating them to the appreciation 
of the importance of suitable sanitary engineering measures in 
conserving public health. Proper appreciation of the profession 
by the public will react beneficially on the public itself in that it 
will benefit by the inevitable growth and increased beneficent 
productiveness of the profession. 

The Sub-Committee on Ethics and Welfare has made a study 
of the codes of the various professions and is impressed with the 
negative, repressive character of most of these. They savor of 
“Thou shalt not!” Your sub-committee has outlined a broad 
ethical standard of humanity and fraternal co-operation which it 
is respectfully hoped the profession of Heating and Ventilating 
Engineers shall adopt in their dealings with their colleagues 


and their clients. 
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The matter of finance naturally has had to be considered 
more or less tentatively. The Chapters giving lecture courses 
will be under little expense other than rental and traveling ex- 
penses of lecturers. It is shown how the fundamental project. 
viz., the text-book, should amply pay for itself and how the 
traveling expenses of the lecturers to the public should be 
borne by the local organization under whose auspices the lec- 
ture might be given. 


The reports of the various sub-committees follow: 


REPORT OF SUB-COMMITTEE ON SCOPE OF 
EDUCATION 


The Sub-Committee on Scope of Education has the honor 
to present the following report and recommendations: 


We believe that due consideration has been given to the 
various phases of this subject, among them being the question of 
lectures in Universities, the giving of special courses of study 
by Chapters located in New York City and other points, the 
formation of special courses in Universities, and the value of 
popular lectures for the general public on the subjects of Heating 
and Ventilating. 

This Committee considers that it is very desirable that this Society 
should undertake the publishing of a text-book covering the sub- 
jects of Heating and Ventilating, thoroughly. This text-book 
would consist of a collection of monographs contributed by the 
best authorities available. The form of this text-book might be 
a single volume or might appear as a series of monographs under 
separate covers, duly numbered and interrelated. 

It is believed by the Committee that it would be possible to 
secure men who are experts and authorities on each of the sub- 
jects, to write chapters for this book, and we also believe that 
it is possible to combine the work of two or more authorities 
on the same subject in such a manner that these authorities 
will be in thorough agreement on the matter printed. In this 
manner, the Society will not have to lend itself to further the 
commercial interests of any device, appliance or system. In 
other words, it is the belief of this Committee that it is feasible 
for the Society to undertake to publish a text-book, every chap- 
ter of which shall be prepared by men who are recognized 
authorities in their particular line and that this hook will be of 
such great value that it will be adopted universally hy Universi 
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ties and others having courses in Heating and Ventilating, and 
will be one on which this Society may well be proud to stamp 
its approval. ; 

This Committee further considers that the Society should 
encourage the establishing of courses of study in connection with 
Technical Schools whereby Post Graduate Courses on Heating 
and Ventilating may be given and that similar courses of study 
presented in the form of lectures might be given by the various 
Chapters wherever expedient The course of study should be 
prepared on the assumption that the matriculants shall have 
thoroughly mastered a High School education, including Al- 
gebra through quadratics, Plane and Solid Geometiy, Plain 
Trigonometry, Elementary Chemistry, Elementary Physics and 
Mechanical Drawing 

It is our belief that graduates from the various Universities 
and Technical Schools should be able to master the course out- 
lined probably within six months and certainly within nine 
months, or the usual collegiate year. It is recommended wher- 
ever such courses are established, that they require not only com- 
pletion of the course of study outlined, but also that some time 
be given to experimental and research work under the direction 
of the instructors in charge.. It is believed that the work in the 
Technical Schools should be carried on like other instruction 
given in these institutions, but the course recommended for the 
various Chapters could take the form of lectures as in one case 
the recipients of the course would be undergraduates without 
practical experience who would require regular classroom work 
in order to impress the facts on their minds, while those attending 
the lectures would be no doubt drawn largely from men who 
may or may not have received a Technical Education but who 
are actively engaged in the profession and who would receive a 
much greater instruction from lectures than would Le possible 
for undergraduates. 


We attach herewith a suggestion of a synopsis of the subjects 
to be treated, for the consideration of the Permanent Committee 
in case the Society sees fits to adopt this report. 


In reference to the selection of a faculty, it has seemed to this 
Committee that this may be left until after action has been taken 
by the Society upon the report of the General Committee of which 
his report will form a part. 











73 





Report oF CoMMITTEE ON EpucaTION AND PuBLIcITY 





SyNopsis OF ProposED EDUCATIONAL COURSE IN HEATING AND 
VENTILATING ENGINEERING. 


I. GENERAL 
1. General Introductory 
2. Physics 


3. Physiology 


II. HEATING 
A. General 
Standards for heating buildings 
Heat transmission 
Heat losses 
Combustion and its relation to heating apparatus 
Chimneys and their relation to combustion and heating 
apparatus 
B. Methods of Heating 
1. Warm Air Furnace Heating 
(a) Gravity systems 
(b) Fan systems 
(c) Combination systems 
(d) Heat transference by air 


ge ee 


2. Radiation 
(a) Direct 
(b) Indirect 
(c) Blast 
(d) Surface and temperature 
3. Hot Water Heating 
(a) Gravity 
(b) Gravity under pressure 
(c) Forced circulation 
(d) Apparatus 
boilers 
pumps 
special appliances 
4. Steam Heating 
(a) Gravity systems 
(b) Return line systems 
5. Gas Heating 
(a) Stoves 
(b) Furnaces 
(c) Radiators 
(d) Steam and Water Boilers 
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Electric Heating 
(a) Direct 
(b) Hot water 


C. Apparatus and Appliances 


Pipe systems 

Return traps and pumps 

Pipe coverings and insulation materials 
Various special appliances 


VENTILATION. 
1, 


Special Physical Laws 
(a) Data of Atmosphere 
(b) Contamination 
Standards 
(a) Amount of air required 
(b) Humidity, temperature, air movement 
(c) Quality 
Humidity and air movement 
Cleaning and dust removal 
(a) Bacteria 
Flow of air in ducts 
(a) Laws 
(b) Computation 
(c) Friction losses 
(d) Sound transference 
Blast coils and radiators 
Temperature regulation 
(a) Manual 
(b) Automatic 
(c) Economy 
(d) General considerations 
Fan engineering 
Special appliances and apparatus 


Respectfully submitted, 


J. L. Lyte, Chairman, 
James A. DONNELLY, 
Perry West, 
I, L. Pryor, 
C. L. Ritey, 


Susp-CoMMITTEE ON SCoPE OF EDUCATION. 
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REPORT OF SUB-COMMITTEE ON PUBLICITY AND 
PUBLIC LECTURE COURSES. 


The Sub-Committee on Publicity and Public Lecture Courses 
have the honor to present the following suggestions and recom- 
mendations : 

The Committee beg to report that they have carefully consid- 
ered the question of publicity as related to the general subject 
of heating and ventilation and respectfully make the following 
specific suggestions : 

1. That a complete outline of the scope of the work now 
being undertaken by THe AMERICAN SocieETy OF HEATING AND 
VENTILATING ENGINEERS Committee on Education and Publicity 
be prepared ; this report or outline to be written in a popular style 
and given to the leading newspapers and periodicals and particu- 
larly those periodicals which are read by the general public, 
bringing out most clearly the effect of proper installation from 
the health standpoint. It is thought that an outline of this 
character, properly written, would be acceptable for publication 
in all of the leading newspapers throughout the country and 
could probably be syndicated in a manner similar to the McCann 
articles on “Food Adulteration” and other articles which have a 
country-wide circulation. 

2. From time to time a digest of the movement could be 
given to the public through these same channels and articles of 
a semi-technical character giving a general outline and descrip- 
tion, advantages, disadvantages, limitations and relative costs of 
the various systems of heating and ventilation for residences. 
It is thought that such a presentation would be highly educa- 
tional and would stimulate a desire for the best, within the 
means of each individual and would tend to advance the stand- 
ard of residence heating and ventilation. 

3. We recommend that the Society secure and keep on file, 
copies of all books on heating, ventilation and sanitation for the 
use of its members and it is thought that a considerable portion 
of such books might be donated cheerfully by publishers or 
officers. 

1. It is thought that the Encyclopedia above mentioned 
should be outlined and a genera] idea of the size and cost of 
same determined and that subscriptions be secured in sufficient 
number to justify the undertaking, and incidentally to give it 
some valuable publicity prior to its appearance. 
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5. Suitable articles should be prepared from time to time cov- 
ering the evil effects of over-heating, lack of ventilation, lack of 
heat regulation, effect of abnormal humidity, and on the sub- 
jects of ozone treatment of air, air movement, carbon dioxide 
content, and other characteristics of heating, ventilation and 
sanitation which have a distinctly human interest, and these 
articles should be most carefully prepared and written in an in- 
teresting style. It is thought that such articles could readily find a 
place in the daily press, Sunday press and the family magazines. 

6. An attempt should be made to raise the standard of the 
work done by Consulting Engineers in this general field and to 
bring the attention of prospective owners of the desirability of 
employing experts to design and superintend the installation of 
heating, ventilation and sanitation; this education should he 
given to owners in such a way that they would require the 
architect to employ an expert on this particular branch of the 
work. 

%. Popular Lectures: It is submitted that popular lectures 
be prepared and lantern slides illustrating the same be made 
available so that sets of lectures and slides could be sent either 
with or without a lecturer to various parts of the country to give 
publicity from the popular or scientific standpoint, as may be re- 
quired. It is thought that at least four lectures and probably six 
could be given at each of the Chapters and before some representa- 
tive organization in each of the larger cities where no Chapter has 
been formed, each year and that such lectures could also be given 
before the various architectural and other technical societies and 
universities which would tend to popularize the general subject and 
to impress upon architects the desirability of employing proper 
talent for this important work. 

8. Lectures could probably be arranged for in the various leading 
universities under the auspices of the Society which would tend to 
popularize the subject and to call attention to the dignity and 
importance of the Society’s activities. . 

9. In the preparation of data, both for the encyclopedia and for 
the lectures, the various universities having testing laboratories 
should be approached with a view to co-operation in making specific 
tests of the performance of apparatus installed under varying con- 
ditions, so as to produce reliable data on the quality and proper 
operation of various systems in use. 

10. As a part of the work of preparation for the lecture 
courses, a thorough study should be made of electrical heating 
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and the use of oil as a fuel instead of coal; also the various grades 
of coal and their characteristics such as heat content, sizes, kinds 
and adaptability for combustion for various kinds of apparatus. 

11. Lectures could be arranged to be given throughout the 
country before the men’s and women’s clubs of churches and 
other organizations. 

12. It is recommended that the Society avail itself of every 
opportunity when invited to attend or be represented at a con- 
vention, and that they offer to prepare and have presented by a 
qualified member, papers at such conventions wherever this 
appears expedient. 

13. We recommend that the Journal of the Society be used 
wherever possible as a publicity medium. 

14. We would suggest the appointment of a committee to pre- 
pare a suitable list of subjects for lectures, this committee also 
to prepare a synopsis of the lectures. 


Respectfully submitted, 


W. S. Timmis, Chairman. 


REPORT OF SUB-COMMITTEE ON ETHICS AND 
WELFARE 


Your Sub-Committee on Ethics and Welfare have the honor to 
submit the following report: 

The first steps taken in the work laid out for this Committee 
on Ethics and Welfare was to study the matter somewhat in the 
light of the work done by a similar committee of the New York 
Chapter. 

The codes were collected from other organizations and though 
the collection is not complete, enough were gathered to learn what 
other bodies had laid down for the guidance of their members. 
For the most part these seem naturally selfish and negative in 
character. The impression had grown that a code of ethics for 
this body should be along different lines. It should advocate posi- 
tive things. It should promote attempt to achieve something 
practically ideal rather than prohibitory in narrower inter- 
ests. It should promote public interest and thereby best serve 
the interests of the engineer. It should consider the humble 
dwelling as well as the public building of great cast. It should 
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indicate the course the engineer should pursue to have people 
realize the benefit of having his advice. It should give a sched- 
ule of proper fees, as it was discovered in the absence of one 
that charges entirely too low were prevalent. ‘These are but a 
few of the ideas that come up and which have not been threshed 
out and formulated. The work has seemingly accomplished lit- 
tle more than to have given some agitation to the subject and to 
have shown that it is important and entitled to the concentrated 
attention of the general membefship. It would seem that the 
work should proceed through the preparation of letters, asking 
for needed information, sent to engineers, whether or not mem- 
bers, with the view of finding out the true situation, the things 
for which the profession feels there is a need, and then a work 
that grows in importance as it is studied may be conducted to 
a result that will be commendable and eventually acceptable as 
the profession rises in appreciation of it and adopts it in practice. 
It is not an excuse but a statement of fact, that those to whom 
this work has been entrusted were so occupied with the demands 
of their vocations that it was impossible to meet, and that in 
some measure is the reason that nothing more tangible is now 
offered. The matter bearing on the subject comes from the follow- 
ing sources: 


The American Institute of Architects. 

The American Society of Mechanical Engineers. 

St. Louis Sheet Metal Contractors. 

The report of the Committee of New York Chapter in Vol. XX] 
of the Transactions. 

The American Association of Engineers. 

The American Institute of Consulting Engineers. 


There are other codes in existence that should be added to 
the collection for consideration. They seem too long in most in- 
stances. They should be terse and pertinent. A code should be 
clear, concise, inspiring, practicable and useful. 

The work so far has been collective and suggestive and it is 
hoped that it shows the importance of having a committee better 
situated to take it up here and carry it forward. 


Respectfully submitted, 


FRANK K. Cnew, Chairman, 
R. P. Botton, 

C. B. J. SNyper, 

C. A. FULLER, 

G. W. Martin. 
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REPORT OF SUB-COMMITTEE ON FINANCE. 


Your Sub-Committee on Finance begs to submit the following 
report: 

The proposed campaign of education and publicity is fortu- 
nately so constituted that very little difficulty should be experi- 
enced in meeting the expenses which will result. The text-book 
should yield a comfortable profit which could be devoted to the 
furtherance of the general work of the committee. 

The public lectures will involve some small expenditure for 
lantern slides, printing, stationery, correspondence, traveling ex- 
penses, etc. 

A fund, whose magnitude can be computed only when definite 
steps shall have been decided upon, must be raised to meet the 
immediate expenses of each project. 

The publication and financing of the text-book probably will 
be undertaken by some one of the established technical pub- 
lishing companies, but there will be some outlay incident to the 
activities of the committee in securing the material from the 
different contributors. The most desirable potential authors 
will have to be approached personally and persuaded to co- 
operate. This is especially true because they are busy men and 
will be requested to make their contributions gratuitously. 

In the case of the lectures, the Society should be expected to 
defray the expenses of such lecturers who prepare material on 
invitation. Where lecturers are sent to colleges, clubs and the 
like, on request, these will be requested to defray the traveling 
expenses incurred, but where the Society sends a representative 
to a scientific convention, his expenses should be assumed by 
the fund. 

Lecture courses where given by any Chapter, should repre- 
sent private work of that Chapter and financing should concern 
that Chapter only. This applies equally to public lectures given 
under the auspices of any Chapter. 


Respectfully submitted, 


Homer AppamMs, Chairman. 


We should like to impress upon you that, whilst it may appear 
in this report that all the efforts of the Society are to be directed 
towards the betterment of the consulting engineer, this is by no 
means its object. Engineers include those men who are in tech- 
nical charge of manufacturing quite as fully as it does those 
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whose vocation is to design and construct industrial edifices 
wherein these apparatus are utilized. If the organized Heating 
and Ventilating profession but bend its efforts toward subdivid- 
ing the different phases of the work so as to encourage and 
facilitate specialization, it can not but result advantageously to 
everyone either directly or indirectly concerned with the broad 
subject encompassed by the art. 

Engineers, whether consulting or manufacturing, are busi- 
ness men in no less sense than are manufacturers and salesmen, 
but they are specialists, and, indeed, so are the latter. 

The engineer’s object is to make business, and though this 
sound crass and utilitarian, it may nevertheless be quite ideal, 
for no business that has not for its ultimate end the argumenta- 
tion and furtherance of hurman happiness can hope to survive. 

By opening the doors of our storehouses of knowledge, by 
giving freely so that all might benefit by our professional and 
technical labors, we raise the standard of the whole calling and 
thus raising the standard we gain wider recognition and respect 
and our services are more widely sought. There is greater de- 
mand for the commodity which we merchant, and all of us must 
benefit by a policy, which, viewed narrowly, might seem disad- 
vantageous to the better endowed. By diffusing our knowledge 
and mutually interchanging the fruits of our experiences, we all 
grow, if only in that reduplication and paralleling of similar effort 
be saved. 


Most professions have learned this, and no profession has risen 
to the true dignity of a learned profession without first having 
appreciated fully this great truth. 


It is sincerely trusted that Tae AMERICAN Society oF HEATING 
AND VENTILATING ENGINEERS will accept this report and take im- 
mediate action toward launching the project submitted. 


Respectfully submitted, 


} 


Mitton W. FRANKLIN, Chairman, 
J. I. Lyre, 

FRANK K. CHeEw, & COMMITTEE, 
WattTer S. TimMMIs, 

Homer ApDAMS, 


New York, Jan. 18, 1916. 
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DISCUSSION 


Perry West: It seems to me that the three subjects treated 
here are each of sufficient importance to be handled by a com- 
mittee, and I move that a committee be appointed on each of 
these three divisions. It seems to me that all the matters 
treated are of equal importance as far as carrying forward at 
this time is concerned, and each should therefore be handled 
by an individual committee. 

I think we all realized at the outset, that to get the required 
results, quite a large amount of both talent and money would 
have to be expended. From the report of the Finance Com- 
mittee, | do not find that it is definitely set forth as to what 
the cost will be, either in the expenditure of time, energy or 
money and I would suggest that the Committee be left to 
study that subject out more thoroughly and make a definite 
report. It simply says that the Committee considers it certain 
that a text-book would be universally adopted by the colleges 
at the outset, and that the returns would amount to more than 
the costs. As the cost is heavy, I think we should know defi- 
nitely whether such would be the case before we go ahead. 
Another question involved is as to getting men to prepare 
various sections of the book. We believe that men could be 
obtained, but I think the Society should know definitely whether 
they can or not. 

The Finance Committee suggests that the cost be under- 
written, which | take to mean more or less by contribution, 
but I do not think the membership would want it to be handled 
in such a manner. Money should be raised by the members 
in general and not by the few who might naturally feel a 
greater interest in this subject. The matter must be under- 
taken by the entire membership, if it is to have the proper 
spirit. 


F. K. Davis: I move that the Committee on Education and 
Publicity be made a standing committee. 


R. P. Botton: In view of the fact that this Committee has 
gone so deeply into this subject, and taken so much time and 
trouble with the report, it seems that it would be desirable to 
request them to continue the work in the interests of the 
Society. If this motion should prevail, that this simply be a 
standing committee, we would have to go through the process 
of re-appointment under each president. It seems that the sim- 
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plest process would be to ask that the entering president re- 
appoint the same Committee on the work. 


J. 1. Lyte: Making this a standing committee will never 
accomplish anything. If anything is to be done with this 


report, it is necessary to empower the committee to carry out 
something definite. 


M. W. Frankiin: I assure you that the men of this Com- 
mittee who have done this work with very little assistance from 
me, in spite of reports, have done something that judged in 
our American terms of dollars and cents, it would be impos- 
sible to value. They have given time and trouble beyond the 
ordinary comprehension of most business men. Men who have 
been so busy that they have had to neglect their families, have 
sat and worked on this Committee. This report should not sim- 
ply be passed up by the ordinary procedure of accepting the 
report. 

Of course, if the report is accepted, it is an honor to that 
Committee that compiled it; if a standing committee is ap- 
pointed, that is another honor, but unless the Society takes 
some definite action to further this work, it had better be 
dropped at once. The amount of work has been great, but it 
amounts to nothing if this undertaking is not to be perpetu- 
ated. 

One of the suggestions was to get all available heating and 
ventilating knowledge together, for there are no text-books on 
the subject, in this form. The work is scattered broadcast 
through all general technical works, and it has never been 
properly compiled in one text-book. We want such a text-book. 
We feel that we have sufficient talent in our Society to con- 
tribute to this book, which will be something that is a standard, 
a classic, and we request the authority to do this. 

We want a committee appointed with authority to get vari- 
ous men to contribute an essay or paper that can be used next 
to the contribution of another expert, the whole to form a 
complete heating and ventilating library. If the Society pub- 
lished this and offered it, it would be adopted without question. 
The committee should have the authority to get this financed 
in any available way that would be considered ethical; but 
the chief thing is for the Society to give this committee such 
authority. 

Mr. Timmis’ Committee has spent time and thought on the 
subject of publicity. We wish to develop the heating and ven- 
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tilating engineers. Relatively, heating and ventilating is a new 
branch of engineering. ‘The public does not know and never 
has known of the work of these engineers. We want particu- 
larly to bring before them the broad work of the heating and 
ventilating engineer. 

The publicity committee should have popular lectures arranged 
on the general topic of Sanitary Engineering. When we con- 
sider the interest manifested to-day in this subject, in the proper 
sanitation—covering the broad field of heat, light, air, etc..—in fac- 
tories and other places where large numbers of workmen are 
employed, we should realize that the heating and ventilating 
engineer is foremost in this work, and should be considered by 
the public and known better than he is. 


(At this point it was decided to defer further consideration of 
the report to a special session held Thursday morning, Janu- 
ary 20, 1916.) 


M. W. FRrankuin: Referring briefly to what this Committee 
stands for, and what the idea behind the work is: The heating 
and ventilating profession has risen now to the dignity of the 
learned professions. An engineer is now in the same class as 
a lawyer, a doctor or a minister of the gospel—that includes the 
mechanical engineer, the civil engineer, the electrical engineer, 
in fact all the broad class of engineers. The complications of 
modern civilization have made essential the branching out of 
engineers. There was a time when the mechanical engineer 
took all the work that now falls into the realm of the sanitary 
engineer and the electrical engineer. The civil engineer ante- 
dated the mechanical engineer and he carried along the work 
that is now recognized as the specific work of the mechanical 
engineer, and mechanical engineering is to-day a branch that 
has grown from the civil engineer who originally did everything 
in the engineering line. 

Heating and ventilating engineers have made a beginning, and 
it is now realized that their necessity is special. It is very 
apparent to any one that has been concerned with heating and 
ventilating engineering, that in view of the large amount of 
attention that is being given to the broad subject of sanitary 
engineering—in the realms of industrial life, particularly, and 
in connection with the school house and barracks work—the 
work of the heating and ventilating engineer covers almost 
every phase. Under the head of sanitary engineering comes 
heating, ventilating, lighting (for lighting has a great effect 
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upon the general health of the worker) sewage disposal, and 
many special forms of apparatus such as toilets and, in cases of 


hospitals, numerous other points—broadly, everything that is 
needed for the special purpose of dealing with the welfare of 
workers of all kinds. 

The engineering societies have grown in the natural course 
of events, like everything else, by a process of evolution—in 
some cases offshoots from other branches. We are experienc- 
ing a process of this kind; we are the offshoot of several 
branches. .We have grown up from the men who made their 
own appliances, were their own engineers, and who later de- 
signed the apparatus that was to be used; in fact, we find the 
characteristics of all the branches among us. Natural processes 
of growth in general are slow, and not only slow but wasteful. 
The object of this work has been to present to you the question 
whether we choose to have the heating and ventilating engi- 
neers develop in the same way that the other engineers have 
developed, by the natural process, or whether we want to make 
use of the vast knowledge of experience and development to 
which we are heir, and develop our Society in a way that would 
best aid its growth and promote its existence. 

We say that heating and ventilating engineering shall include 
all the sanitary engineering features that come within the scope 
of the work that we represent, and we want our work to benefit 
the Society and the profession generally. Are we willing to 
make an extra effort and start toward building it up properly, 
outlining first what we want to do and then building into the 
outline, or are we going to be content to take the natural 
course and just slowly evolutionize? Which process of growth 
are we going to have, the natural slow development, or one 
where we shall outline our purpose and then fulfill it? 

The thing that first appeared to the Committee ‘was the scar- 
city of, or rather the incomplete available literature on the sub- 
ject. For a man to get an adequate education in this work, 
now, it is required that he shall consult a diversified number 
of publications. He has to seek among greatly varied litera- 
ture to get the fundamentals of the work and there is nothing 
under one head that is of any aid to him in getting informa- 
tion that will make him a heating and ventilating engineer. 

Reading is the function of the work that we should be able 
to facilitate ; help the man to keep abreast of the times, and the 
work of others. Reading will enlarge the scope of the indi- 
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vidual, and if we try and classify and index and unify this 
vast literature, and have a connected narrative of the whole 
art, even if we add nothing original, we shall have done a great 
deal. 

A way in which the Society could do this would ke turough 
the method of presenting a paper. The present method is for 
any man who feels that he can make a contribution to make 
it, and it is usually along the tine of that particular man’s in- 
terest. As a result, our Journal is a heterogeneous mass of arti- 
cles on all subjects, all thrown together, and leaving a number 
of gaps that it will take years to fill in. Maybe in fifty years, 
by this method, we would have a complete work, whereas it 
could be accomplished in a year or two by proper effort 


The work of the Committeee has been concerned particularly 
with three things: first, the scope of engineering education; 
second, publicity, or how the profession shall be brought before 
the public—how shall we introduce to the public whom we are 
striving to serve, the knowledge of the existence of ‘the heating 
and ventilating engineer as a specialist, a man who is trying 
to accomplish something definite in the world’s work. The 


Sub-Committee on Education and Publicity has done excellent 
work, for which this Society’s thanks is due Mr. Timmis. The 
third is welfare and ethics. It seems unavoidable that in the work 
of a technical nature, there must be a code of ethics in dealing 
with the public. 

We are beginning to find an acute necessity for becoming 
technical and scientific, of being able to have in our work men 
with the combination of scientific training and practical knowl- 
edge, ‘to understand technical problems and solve them. A pure 
scientist as an engineer is not the best one; the finest engineer 
is the combination of the scientific and the practical, a prac- 
tical technician with sufficient skill to apply the science which 
is necessary to the art of producing things. The engineering 
profession is not entirely an altruistic one, but I believe the 
calling of an engineer is the most dignified one of our time, in 
all the varying branches. 

Several ways have been thought of, in which this effort may 
he carried forward. At first we thought of givittg a course that 
would be conducted by the Society, and we would endeavor 
to have the members take into their employ young men who 
had had the advantage of this course, in the way that many 
men now .take only men who have had a college course. But 
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this project seemed inadvisable after considerable deliberation 
and discussion. ‘ 

Then we looked around for a substitute and prepared a recom- 
mendation that the Society make an effort to get articles on 
the different branches of heating and ventilating engineering, 
that put together would form a connected narrative, a text book 
that would be the final word in engineering. Such a book could 
be well gotten up. We have all the experts connected with us 
either directly or indirectly, and they would all be willing and 
glad to contribute something to such a book. 

Having this text book, we could approach the colleges, trade 
schools, Y. M. C. A’s, every place that is likely to provide a 
course, and endeavor to have them adopt this. We could also 
encourage the Chapters to give night courses. Then there would 
be an opportunity for the young fellows to get something that 
would be of value to them if they wanted to fellow this line of 
work. 


In every branch of engineering the public is being approached 
in some way so that they are brought into knowledge of the 
engineer and his *vork. Articles in popular form appear for 
the education of the public, some of them semi-technical, and 
they even appear in the Sunday papers and magazines. They 
appeal to the large class of people. What could be better than 
to have some of these articles in our line: How to Heat a 
House; How to Conserve Heat; How to Obtain the Best 
Results with Efficiency; and similar subjects could be well 
treated. We could also include articles on some of the sanitary 
matters that seem so interlaced with heating and ventilating. 


The Sub-Committee has outlined a very beneficial course for 
the public that it would be well for the Society to consider. 
If the public is awakened and interested, not only the public 
would benefit, but the Society and the profession as well. I 
make no apology for bringing up the utilitarian intent in what I 
am saying. Men who are men, are out for business, and we 
want to advance the art and at the same time, benefit every one 
who is connected with it. 

The Publicity Committee had in mind in regard to these arti- 
cles, that the members should be asked to write the articles 
that would appear in popular form in the magazines and Sun- 
day papers. We should all put our shoulder to the wheel and 
give the benefit of our experience in every way possible. In 
presenting the series of lectures, we would have to develop 
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men who are capable of giving talks at women’s clubs, city 
clubs, Y. M. C. A’s, scientific conventions, and every place 
where we think there is a place for legitimate publicity. The 
Society should have a set of slides and outline the subjects 
for presentation, and then offer them to such organizations. 
It would soon become known that THE AMERICAN Society OF Hirat- 
ING AND VENTILATING ENGINEERS was in the work of diffusing 
technical knowledge which would be of benefit to the public. 

Little can be done to formulate a scheme of finance until 
something is done that requires financing. With regard to the 
text-book, I am certain that we shall not have the slightest 
difficulty in publishing the book, without cost, but rather with 
a profit to the Society. The modus operandi is this, that the 
committee be authorized to collect all the available material for 
such a compilation, and that it either be published in the Jour- 
nal, in which case the cost of type-setting would be absorbed, 
and thus not add a burden of expense to the Society, and after- 
ward be printed in pamphlet form, edited and indexed so that 
as the material accumulated the text-book would grow. We 
would encourage the adoption of this book in the different 
courses where heating and ventilation would be included. Or 
else, we could go to any of the technical publishers with the 
full expectation that they would be glad to publish such a 
unique text-book; they would assume the responsibility of get- 
ting it out and give the Society a royalty. 

There may be some financing in connection with the lectures, 
but it will be small. If a good paper is presented at a lecture 
and the subject appears to be of interest, any Chapter that wants 
it for their meeting will, ipso facto, be glad to pay for the trou- 
ble and expense of the lecturer, if they believe the benefits to 
be derived will be commensurate with the outlay. 


PRESIDENT KimBaLtt: I can assure you that lectures will be 
acceptable. I have had requests from Rochester and Nashua, 
Tenn., to lecture on this subject, and if more lectures were avail- 
able, I am sure we would find many opportunities to present 
them. 


Wm. Kent: I am pleased with the work done so far, and I 
move that the report be accepted and the work that has been 
done by this Committee continued. The scheme proposed is 


very ambitious. [I do not know that any society in this country 


has ever taken such a step as to provide a text-book. One of 
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the German societies did work of this kind, and produced the 
“Hiitte” reference book. 

I do not think that the Committee understands the difficulty 
in getting out a text-book. We have text-books now which are 
probably as good as the general text-books in any other engi- 
neering line. If the Society intends to get out a text-book 
the first thing to be done would be to employ a man at not less 
than $5,000 a year, to do nothing but digest the existing litera- 
ture and classify it under the headings to be used in the book. 
That digest would have to be printed and sent out for criticism 
and expressions of opinion. Men in the different lines would 
have to contribute to each subject, hot water heating, furnace 
heating, vapor heating, etc.—two or three men on each sub- 
ject, and then the digest would have to be recompiled. I was 
told many years ago by an officer of the International Corre- 
spondence Schools that when they wanted to publish a pam- 
phlet on electrical engineering, they gathered, at about a cost 
of $3,000, different contributions, and worked a number of years 
on it, and in the end all the matter was rejected, and the work 
had to be done over again. 

I have had somewhat the same experience myself. The mat- 
ter contributed is often good, but it is not in text-book form. 
I have been paid $9.00 a page for such work myself, and have 
paid a similar figure to others. I assume that it would cost 
about $20,000 to put this book out; about $10,000 for the pre- 
liminary work and $10,000 for the printing. I believe it would 
cost much more than the Committee realizes. 


R. C. Carpenter: I am pleased to add my approval to the 
statements made by Mr. Franklin. I think he has outlined a 
very desirable field of work, which we all know would be profit- 
able to the Society and to the profession. How much of the 


work would prove practical would depend upon conditions. Only 
one Society that I know of has ever done similar work, and 
that was the Society of Automobile Engineers. They under- 
took to bring out a text-book on these same lines seven or 
eight years ago. It did not work out exactly as they had ex- 
pected it to do, but it was useful. It worked into the appoint- 


ment of a committee on standards, whose work has been very 
valuable, and the text-book that this committee has published 
is very valuable to any one who understands the principles that 
underlies the art. 1 have hopes that our Committee will include 
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in their work such work as has been done by that committee, 
in which event their work will prove very useful. 


S. R. Lewis: The subject is very near my heart because I 
was once on a Publicity Committee myself. I think it will be 
easy to raise money, and we all have confidence in our Com- 
mittee. I think the Committee should be continued and pro- 
vided with the freest possible rein in governing their activities. 
I would suggest that this session recommend to the Council 
the sending out, at such time as may be possible, a notice to 
the members that each is to be assessed $5.00 to further the 
work of this committee. We ought to raise $2,500 easily. 


Joun R. Atten: It is hard for me to say anything beyond 
what has already been said. The program is indeed an am- 
bitious one and may result in profit. Of course, when you are 
writing a book on heating, you should specify whether the 
book is to be a treatise, or a text-book. The treatise never 
makes a good text-book and the text-book is not a good refer- 
ence book. The Committee should be decided as to which type 
of book they wish to produce. And I don’t.think I should figure 


on much profit from a book of this kind; I have had experience 
writing books and I never found any profits. 


In regard to lectures, we have a university extension course, 
and I have never found that lectures on the subject of heating 
and ventilation were popular with the public. They would 
rather have a lecture on some other more popular subject. With 
engineering societies and educational institutions it would be 
different ; there would be a demand for lectures of this kind. 

Another suggestion is that we should co-operate with the uni- 
versities, and encourage them to co-operate in their experi- 
mental work. I think if the Society could do this, it will be 
doing much to prevent necessary duplication in the various lines of 
experimental work carried on by the various universities. 


PRESIDENT KimBALL: In connection with a reference library, 
the New York State Commission on Ventilation has been to 
considerable trouble and expense in collecting a library on this 
subject. It is indexed, and cross-indexed, and will be the most 
complete collection of books on this subject that can be had. 
This Commission will cease to exist within the next two years, 
and that library must be disposed of. I have had the idea that 
we might make application for it. I think that we could keep 
it in our offices, if we had the space. We might assure the 
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Commission that we would co-operate with them. At the pres- 
ent time, we have in our offices a library of about 40 volumes 
which was left to us. 


Dr. E. V. Hitt: Regarding the library of the New York Commis- 
sion, you may find that you have a competitor in trying to se- 
cure it. The Chicago Commission does not intend to dissolve, 
and might like it. 


John R. Allen refers to the lack of public interest in regard to 
ventilating problems. I have been told that Chicago is dif- 
ferent in this regard, in that we have more applications for lec- 
tures on heating and ventilating than we can fill. I gave nine- 
teen myself in November and December, and two this month, 
and could not take care of numbers of other requests. Every 
woman out there is an embryo engineer and can discuss the 
matter of heating and ventilating with just as much fluency as 
any of our engineers, and lots of them know more about it. 
They study very carefully the problems of heating and ventilat- 
ing in schools, moving picture houses and theatres, and the de- 
mands for lectures before women’s clubs can hardly be filled. 

Mr. Franklin suggests that every member subscribe his por- 
tion to the encyclopedia, and put his shoulder to the wheel. 
I have had experience in committee work and on the Chicago 
Commission, and while it is very nice to suggest this, it usu- 
ally works out that one man on each committee does all the 
work. And I am very skeptical as to the results if the Society 
trys to get out a text-book without an editor-in-chief, who is 
paid a salary to devote his entire time to the work. 

Out in Chicago they have started a school of heating and 
ventilation. They asked me to design the frontispiece for the 
text-book, and my contribution was the entrance to a very im- 
posing building, over the door of which was “School of Heat- 
ing and Ventilation.” The first step I called “Mathematics,” 
next “Physics,” then “Mechanics,” “Chemistry,” “Electricity” 
and “Bacteriology” ; in fact I did not have enough steps to name 
all the various branches that I felt were essential to the train- 
ing of a man for this profession. One rail was “Good Judg- 
ment” and the other “Hard Work.” 

We find that in taking even college men in our work, we 
have to begin and give them instruction in all of these branches. 
Many of our engineers, with all the sciences that they study, 
do not seem to have the ability to test the plants that they 
have designed and installed, with even ordinary intelligence. 
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All of these things are important branches of heating and ven- 
tilating work, and should be included in any text-book that we 
put out. 


J. A. Donnetty: There is nothing more diversified in this 
country than the methods and kinds of education. If we at- 
tempt to reduce heating and ventilating to an exact science, and 
do all our educational work along these lines, we shall certainly 
work it into a very restricted field. The science of heating and 
ventilating is a peculiar one in that a man educated for it 
outside of actual work and experience, seldom gets any prac- 
tical experience. If a man takes a course in mechanical engi- 
neering, machine design for instance, he can readily get shop 
practice and become familiar with the practical end of the work. 
This is a weak point in the training of men for our field; the 
common and rudimentary knowledge of the man who works 
at the trade is unknown to the man who has simply had a tech- 
nical training. 

For a number of years in the meetings of the Society, I 
have expressed it as my opinion that one of the first duties of 
the engineering profession is to provide an adequate means 
of education for the young man entering it, or already engaged 
in it. We must recognize the needs of the different men; men 
who estimate, design and install, and who manufacture all the 
appliances used in the different phases of the work all are 
eager for more information. In deciding how this should be 
provided, we find that we must meet the requirements of these 
different men; for some, the correspondence course is best, 
others can avail themselves of evening courses, and others would 
prefer a course of lectures more or less popular in nature. 

A number of years ago there was a class conducted in plan- 
reading and estimating. One of the members asked the in- 
structor how heating and ventilating apparatus was taken off, 
and the instructor had to confess that he did not know—it was 
a special line. As the result of this, some of the members took 
up the question with the Y. M. C. A. and they established a 
course in Heating and Ventilation. Such a demand existed then 
and it exists to-day, although the heating and ventilating engi- 
neers may not hear of it. Many of the young men who work 
for engineers and contractors would like such a course; others 
more advanced would like an opportunity of facilitating the 
study of the subject. 
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I have also found a demand in the high schools and in the 
higher grades of grammar schools, that the class before it leaves 
might have an opportunity of hearing a talk on heating and 
ventilating. In one of the high schools in New York, the teacher 
said that he found it difficult to get some one available who 
could give the pupils a talk on the subject and go over the 
apparatus in the building, so that the scholars might have some 
idea of how the heating and ventilating problem had been taken 
care of during the four years of their course. This is a field 
that we might well get into, and see that lecturers were avail- 
able for this purpose. 

I think the work of the Chicago Commission on Ventilation 
is a good thing, and think that we should have a New York 
Commission and acquaint the public with some facts. Then 
when they think of ventilating, they would think of the Com- 
mission and not of the man who sells them a strip of wood to 
put in their windows. : 


C. A. Futter: This subject has been of interest to me, 
because as some of you know, I have been conducting a class 


in heating and ventilating in the evenings for several years 


past. I have obtained a very clear idea of where the greatest 
demand for this work lies, and where the most good can be 
done. There are two separate and distinct courses along which 
to work. One is a school for the advancement of scientific 
research work in heating and ventilating. The other is a school 
for uplifting the profession. The first I do not think we want; 
the Society itself is a school of research, and the work being 
done by the committees and the papers that are presented are 
advancing work of this kind in an admirable way. 

I think the most good can be done if we get hold of young 
men who have had little, if any, theoretical training—men who 
are in heating work or in allied lines, and who have obtained 
what information they possess through experience and practi- 
cal application. We find that such men form the larger per- 
centage of those who are interested in evening courses. One 
thing that I want to impress is that if the work is to be done 
in this way, it must be in form. We do not want a post-gradu- 
ate course cf a university, but a simple elementary school of 
heating and ventilating. 


Wm. J. Batpwin: I think that what we want is a primer on 
the subject, not a treatise; something that will present the work 
in the simplest possible form. At least we might begin in 
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this way and gradually develop it. It is the little things that 
the junior wants to know, and this training is to prepare our 
young men to be the engineers of the future. Most of us here 
can go to Kent or any of the other hand-books and find out 
what we want to know, because we know what we lack, or 
should know it. 

A word to the Committee that has been appointed: There 
is an index in the public library that has been compiled to cover 
ventilating subjects—a bibliography of the subject that may 
help. I mention this as it may be a guide in getting some of 
the subject matter together so far as ventilation is concerned. 

Another point to assist a committee is, if we took each sub- 
ject to be treated as mentioned in the paper and had each man 
that feels interested on that part of the subject write about 500 
words on it, we might benefit very much, and the committee 
would have something to start work on. This would start the 
work of the primer that it might afterwards be able to develop 
until it would become a treatise on the whole broad subject. 


Perry West: I think that we all will agree that this under- 
taking is a most worthy one, and I think we also pretty well 
agree that so far as a text-book is concerned, that it will be 
costly, not only in money but in talent and energy. I do not 
understand from Prof. Kent’s motion for adoption of the report 
and the carrying on of the work under the direction of the 
Council, whether that motion carries the power to solicit or 
raise money to publish a book. In the report that was read 
it is recommended that we adopt some method of underwriting 
the book. That means that a certain number of members can 
get together and raise money for the purpose themselves. [| 
should be opposed to the motion of Prof. Kent if it carried with 
it any power for expending money and assuming financial obli- 
gations by the Committee. I should likewise oppose the motion 
if it contemplated getting money in the way suggested. 


Mr. Lewis has suggested starting a fund by assessing each 
member $5.00. It seems to me that this book would cost more 
than the $2,500, which we might raise in this way, and it would 
be a fallacy to start something that we did not know how we are 
going to finish. I should say that if we are going to publish 
a text-book, we need more data before the Committee could go 
ahead with the publishing. 

I also understand that it is proposed to draw from the Society 
the best talent available to prepare material for this book. We 
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need all the talent we have to carry on the work of the Societv 
in general, to make our meetings a success. It is hard to get 
men to present papers now for the Society and Chapters, and 
| should like to know what the Committee thinks the induce- 
ment will be for them to produce material for the book. When- 
ever members could be induced to contribute anything the 
Society has probably had the benefit of it already, and if it is 
available, why no edit what we have. This thing is going to 
run to something larger in dollars and cents, than anything we 
have ever done before. 

As to the demand for such a book, we will agree that there 
is no such book, but there are publishers who publish technical 
books as a business, and if they have not found a demand for 
such a compilation, where will we find it? We are young com- 


pared to some of the other societies, and they have not found 
it expedient to start anything like this. It seems to me that 
this looks like something born of youth and over-enthusiasm 
on our part. Therefore, I am against the motion which is before 


us, because I feel that there are only certain phases that we 
might carry out to advantage. We need not wait the slow 
growth in some of these things that Mr. Franklin speaks of, 
but we should not undertake some of the things that are going 
to involve a great deal of expense. 


D. M. Quay: This point has been brought up, that the prepa- 
ration of this book would take from the energy needed and now 
expended in preparing papers for the Society. A number will 
be just as willing to prepare articles for this Committee as for 
our meetings, when they are going to be used in a series of 
classified articles. We need such a committee to correlate and 
classify the articles submitted for publication. You have to 
go through a large number of our proceedings before you can 
find many subjects very conclusively treated and some are mis- 
leading to a man who is looking for information. 


PRESIDENT Hart: The previous question has been called for. 
The motion stands before you that the discussion be closed and 
the other motion voted upon. 

Motion that discussion be closed was carried. 

The motion that the report be accepted and the Committee 
continued, and the work referred to the incoming Council with 
the request that they co-operate with the Committee on the mat- 
ter, was also carried. 

















No. 395 


REPORT OF COMMITTEE ON OPERATING COSTS 
OF PUBLIC BUILDINGS 


Your Committee, appointed to submit report on cost of operat- 
ing mechanical plants in federal buildings, would respectfully 
submit the following, which is made up from statistics given in 
the reports furnished by the Treasury Department of the United 
States Government through the courtesy of Mr. N. S. Thompson, 
a member of the Committee. 

In Table 1 the items give quantities and costs for operating 
the several buildings, as mentioned in the Table. 

Table 2 gives the statistics showing the cubical contents, area 
in square feet, number of employees and the quantity of elec- 
tricity used for light and power in the several buildings men- 
tioned. 

Respectfully submitted, 


D. M. Quay, 


Fabs COM MITTEE. 
N. S. THompson. \ 


Presented at the Annual Meeting of Tue American Soctety oF Heating anp VEN- 
TILATING Enatneers, New York, January, 1916. 
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DISCUSSION 


R. P. Botton: I think the material in this paper is worth some 
good discussion. The costs of operation of heating and venti- 
lating plants in public buildings is a subject of interest in itself, 
and in particular because these data deal with Federal buildings, 
which are in a class by themselves. 

It is always interesting to compare the cost of fuel with 
the cost of labor. Observations in commercial buildings of 
similar character, show that there is a definite relation between 
the cost of labor and fuel. This is not a fixed relation, but it 
will be found that in commercial buildings, economically op- 
erated, the labor cost will closely approach the coal cost; when 
they are very economically operated, the labor will be less than 
the coal. In municipal buildings it is usually the other way 
around. Fuel is less costly than the labor. 

If the investigations along this line can be extended, as I hope 
they can be, and other buildings included, this comparison may 
be better brought out. This matter is so expansive that it is 
impossible to do anything but call attention to the salient fea- 
tures. 


PRESIDENT KimBatL: I wish to offer a word of explanation. 
The collection of these data was not a matter of days but of 
years. It occurred to me some time ago that it would be desir- 
able if we could have some data of this nature, but I did not 
think at the time we would get so much of it as we have. 1 think 
we might well consider that we have made a good start upon 
the collection of data on a subject which is a hard one to do 
anything with, and I think we are to be congratulated on the 
good start we have made. 

We have appointed other committees to report further on this 
subject. We hope to have more reports submitting data on this 
and other classes of buildings. 


R. P. Botton: I should like to draw the attention of the mem- 
bérs to the addendum, which is very interesting. 

In regard to the selling of steam for various purposes in these 
buildings, it is very ingenious, I think. The company that looks 
after the operation of the pneumatic tubes service charges so 
much for its service, and the United States charges them with 
the steam for operating the pumps for the service. They take 
their money out of one pocket and put it in another. 








No. 396 


OPERATING COSTS OF HEATING AND VENTI- 
LATING AND POWER PLANTS IN 
HOSPITALS 


Your committee has collected and tabulated data from seven 
hospitals on the cost of operation of their heating, ventilating 
and power plants. The fuel consumed and oil and waste used, 
however, cover not only that required for the heating and ventila- 
tion, but also that for lighting, power, refrigeration, kitchen, 
laundry, sterilizers, hot water service, etc. None of the hos- 
pitals are provided with means for ascertaining the distribution 
of steam to the various uses. Hospital “A” has a meter on the 
feed water line and one on the hot water heating system. Hos- 
pital “D” has a meter on the feed water line. 

It should be noted that in buildings “D” and “F” 
sumption would have been somewhat higher if ice were made on 


the coal con- 


the premises, and in building “E” if both ice were made and 
electric current generated. All the figures, therefore, should be 
considered with these points in view. 

From the analysis of the data it would appear unquestionably 
that Hospital “A” has the most economical plant—the coal ‘con- 
sumption being the lowest, compared with the others, if based on 
the number of tons and annual cost per one million cu. ft. of 
building, notwithstanding that it has the largest amount of 
radiation, 

It is safe to assume that the factors contributing to this 
economy are as follows: 

1. One pipe riser down feed hot water heating with recording 
and integrating meter and recording thermometers on the flow 
and return, enabling the regulation of the heating of the build- 
ings from one central point—in the power house, and thus pre- 
venting waste usually accompanied with individual control of 


Presented at the Annual Meeting of Tue American Soctgry or Hearing ano VEN 
rinaAtiInG Enetneers, New York, January, 1916, 


101 





‘olByug uy [woo Jo vod JIMOT BJUNy— 4) 
*pasn JOU UOTJUTPVA JoITpUT ‘ou vul Sul 

-YBVUI 90] DOTSsa1dmi0d poal[eysuyT ysnf :OOL'TS JO 3800 BU dor ANG— J 
‘yuotjed s9d O¢*¢g$ £026$ $3809 dot fyUated 

sed OZ'7$ ‘OEgZ’s$ JO YsOd JeNuUe Ue Je JUaTAND dUjDa]9 ANgG,—y] 


*062$ 


POMIIVM SUIZT]IYN :S1ORVIPLI UO SBA[BA UOTSs]UIpL [LUETeay—<] 

“USINGSHId Ul [VOD Jo adtad Jamo, e}0N.—,_) 

° “@UTQOVU SuljpVsssjsjel uowmdrosqy— 
“QUIQOVUL ZayVieS{1je1l uopydiosqv’ wosay sav 
Su[suspuoD POULIVA Sulzy[yN isaeswuuins ul peol Sayysy yqsiu pe 

SOMIBO S19}}UG IFB1IOJS O[1JOII9 :s10jyBAV[a Joesuntd oyneipséy—y 


ysOD DOr «foulyoeUE ZuNneiasijat uondiosqe WosJy J3a}eM Buisuapuod 


esceee2L 9 hace ‘beyoz 


SSESCL lor TD 
Loncases-2i| e22|"cics |lese |, pososieoziswar’ kro zee “Tera cane d KO ses er SOT swe wav} of 


OF + | SANIT ite) j 


O20P [BE £2 |O/ELGELI COMENS [001 Z| “ere | xz0w cama! 20" | OOOOE OOY90PI x20 a <| 


FANLXIW 
t 


100960 Jvrcx a d 





INV, JNON 





‘o0s¢ |seo2 laracorposiwiccot} 1201 yey 














Het IMOn ONY ONILHOIT PON TINS ON SFO 


70 1¥ PINS LISS | OL 














IGO9 S Ht‘) IB | OOSS \OILCIRLSCOM LIWNCSHO LEVY LPC) svawonw 2) 10" | 9°99 





224 290'V ‘962 |OEZL soLl 224852 LI C0NB29 Ost y SLi hows sown 100° SOL PO) 000 EXC Ceara} Yy 
09 DELS wxox vn a 
0000'S) mos way VY 


€ 4 








Z9V'92Z| 00Y | VEL HWAZh DODBIE|HI SIINOICIAOIP'S OC 'C| swamaxone 2, GOO looorzz} 
evcre| 22 [2602 |r IC |MLSesZHADEO\LIOMOCLE eeremmre4CZ0' |OSg'OC/ 


€2 tl |e) 











yn 
x 











— +4 


QNIDGWUNAW IWLIASOH = 


i | 
™ 
™ 
= 
MN 
oS 
os 
2) 
- 
™= 
a 
7 
_ 
r) 
a 
oD 
ae 


ah 





ISLNI/LWd IO XITWIN | 








wVIA 
&. 


Fed TISN SWOL 





“FZLSUM 


ONY FSVIAD “1/0 40 L450) TVONNV 








iso> 
TWANNY 7YL0L 
NE LW NOL 
47d 1fOF 
14 OF 
LIFT 


ISLINA IO 





FHV7I70T 
Sav770g 
IMOd TSHOM\ oe 
TWiLOL 


NOILVTIILNIA- NWS ‘HX 


INTLWd Yd) 
vaev770Tg 
1LNIILVaS 47d 
1L£0) TWANNY, 
‘Sav770g 
2472) WOYTTIN INO 
4L/ 12 NOITTIW 
NON Fed AVIA Id) 
SOND UITWAN, 
-WAN 8 ON: 
NOILWaAlISV| 
ONY A Tedd 9S 
127410N/\ 


























$NOL 40 MIQWIM 


odd 180) THNNY 


Mi 
som 








MOY) 10 150) THINNY 


CMF TIM “CW FPLLIS 


-WVILS SYISSVS-TVOD THI1/0 ‘NIM 


NOUILWHAFOIMSTA INW JIUNLIS 
YILVM -LOW 'SMIZIWAILS ‘NIHILIM 
AMAINAWVT AIM Od ‘ONILHI/T “ONILVH 
SAVIN ‘ON/ILVIN ONIGN TION ‘SISOA Aa 
77V YO WWILS DNILVYAINID HOS TISN 


‘TVOD 


‘PIWWVIaA FD INV NYWWIIFI WY AGP AILVI70D ONY 


SHV77IOT 
TLV IF 


n 
= 
= 
KB 
a 
n 
° 
ole 
z 
n 
kK 
a 
° 
Oo 
Oo 
Zz 
= 
z 
~ 
a 
O 
Zz 
° 
ta) 
E 
= 
‘ 
we 
° 
KB 
n4 
° 
2 


JLSVWM GNV| 2/722 Nwo/TTIM 
WOYOGV7 ‘TWOD| INO x4 
40 190) NNW 

CYI7T/OT 

‘ONILVIH 
ON/IGT/ING 410 
LIFI DIGND 

NOILVIOT 


“SYV77OT 
*SYTTIOT ONIGNTINA 7vL01| & 


“TINTA 8 1WIH IO 160) 
NOILW/T VY 


LEA 









































WIWDLIM ZMIMWTIINVT S| Id 


SYW7IOUM SHIZ/IWHFILC| LI ND 
& RaMad NI ONIdId 28°C Wiel 





Q 


FA 


~ 
> 
oO 
u 





Report oF CoMMITTEE ON OPERATING Costs IN HospiTALs 103 


radiators. In the latter case as a rule radiators are not shut 
off, but windows are thrown open. The use of smaller sizes of 
piping than with low pressure steam, also effects reduction of 
radiation losses. 

2. Of the New York hospital plants this is the only one where 
automatic stokers and smokeless furnaces are installed enabling 
the use of bituminous slack coal. 

3. The installation of an overhead coal weighing scale and a 
recording, registering and integrating meter on the feed water. 

4. The installation of high efficiency Corliss four valve high 
speed engines for the generation of the electric current. 

5. The installation of an electric storage battery which takes 
care of the all night lighting load in summer. : 

6. The installation of hydraulic plunger elevators with high 
efficiency simplex compound pumps, which start and stop auto- 
matically with the starting and stopping of the elevators, whereas 
in all the other hospital buildings electric elevators are in use, 
for which large generating units must run constantly and most 
of the time with low load factors. 

?. An efficient proportion of boiler units; one boiler carries 
the summer load, two are operated during the winter months, a 
third boiler is thrown in when the outdoor temperature drops to 
10 deg. fahr. or below, and a fourth boiler is kept in reserve, thus 
enabling the boilers to be maintained in good condition, 


8. The installation of more efficient simplex pumps instead of 
duplex on the feed water, circulation and ammonia. 
9. Absorption system of refrigeration where the use of live 


steam is a minimum. 

10. The water which is used in the condenser and all other 
parts of the refrigerating machine comes out quite warm. In- 
stead of wasting it as is done.in practically all other plants, 
here it is collected in an open tank and pumped through a heater 
for use in the laundry, thus recovering a great deal of the 
heat used in the generator of the refrigerating machine. 

11. This plant is also equipped with a recording boiler steam 
pressure gauge and a graphic recording flue gas thermometer, 
as a guide for the fireman and as a means for the engineer to 
watch the latter. 

13. A great deal of credit is due to the ability and zeal of 
the chief engineer of the plant who carefully examines the vari 
ous recording charts and holds his men to account. The men 
also work with great interest on account of the shorter hours; 
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they work on a three shift schedule, ten hours a shift overlapping 
each other two hours, during which time the retiring gang 
works on keeping up the plant, as packing pumps, inspecting 
traps, etc. 

In conclusion we want to state that the operating engineers of 
all the other plants observed by us are trying their level best 
to reduce the coal consumption by the installation of undergrate 
turbo-blowers and are burning the cheaper grades of anthracite 
with an admixture of one-quarter of bituminous slack. 


Respectfully submitted, 


A. M. FELDMAN, 
C. E. PEARCE, 


COM MITTEE. 
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DISCUSSION 


R. P. Botton: I think we should offer our thanks to Mr. Feld- 
man for the figures he has collected and presented to us on a 
class of buildings upon which very little authentic information is 
available, for information on hospitals is very scarce indeed. He 
has also been able to give observations on buildings located in 
various territories, which is much better than having all obser- 
vations based on one territory. The remarks that Mr. Feldman 
has made do not, in view of their modesty, acquaint you with 
the fact that he is responsible in a great measure for the economi- 
cal operation that he shows in plant “A.” He‘should receive a 
great deal of credit for this work. ‘ 

Some of the points brought out are in some ways similar 
or parallel to those that we referred to in the previous 
report, such as comparative costs of labor and fuel. A contin- 
uance of these reports should lead us to the further study of 
other buildings, and we shall continue to find that these are 
the two important features that should be considered. It will 
take a great deal of study and time to bring out clearly all the 
points of comparison. I think that we are to be congratulated 
in having a member like Mr. Feldman who is not only able to 
collect this information but willing to give it to us. 


James C. Goopricu (chief engineer of the Montefiore Home) : 
The plant of the Montefiore Home was operated last year and 
this year under different conditions. This year I am using a 
different coal, lower B.t.u. efficiency, but my crew is trained well, 
and the year previous they were green. We have cleaner boilers 
and less loss of steam. Our evaporation is slightly lower, 9.62 
against 10.04, but we are not wasting anything. 


Henry C. Meyer, Jr.: I do not wish to criticise, but it does 
not seem to me that you can arrive at a conclusion unless you 
know just what work has been done. I think Mr, Feldman could 
add to the good work he has done, by giving us some information 
about elevators, amount of heat required, the amount of elec- 
tricity used outside of elevator requirements, and similar work 
If it is possible to get this information, I think it would add 
greatly to the value of the report. 
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THE ESTABLISHMENT OF STANDARD HEATING 
ELEMENTS FOR COOKING APPARATUS 


WITH SPECIAL REFERENCE TO 
LOW PRESSURE STEAM* 


By Davis S. Boypen, Boston, Mass. (Member) 
Assisted by J. W. Wattles, F. L. Richards and A. H. Boynton 


HE following series of tests are an extended study of the 
T characteristics of steam cooking apparatus, which it is hoped 
the Society will continue, so as to develop, if possible, cooking 
apparatus that will operate on low pressure steam and hence be 
suitable for connection to the steam mains of the central heating 


companies. 


Tests on the compartment steamer were given in Vol. XX of 


the Transactions of the Society for 1914, page 421. 


The tests which follow were made on standard representative 
cooking apparatus loaned by the makers for this purpose. 


following is a list of the apparatus tested giving sizes or capac- 


ities. 
Full Jacketed Cast Iron Kettle: 

10 gallon capacity, without cover. 
Half Jacketed Cast Iron Kettle: 


40 gallons capacity, with cover. 


Cast Iron Kettle With Submerged Annular Heating Element Cast in 


Bottom of the Kettle: 
35 gallon capacity, with cover. 


Dish Warmer: 


Interior dimensions, 5 ft. 6 in, by 1 ft. 9 tn. equals 4 


cu. ft. 


* This paper is part of a report of the joint educational committee 


Association in Chicago, June, 1915. 
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Presented at the Annua: Meeting of Tue American Soctery ov Hearing 


Stanparp Heatinc ELEMENTs—Low Pressure STEAM 


Heating element equals 91 ft. of 34-in. iron pipe equally 


divided among three shelves; four pipes under each. 
Radiation equals 25.02 sq. ft. 
Steam Table: 


Bath dimensions 3 ft. 3 in. by 1 ft. 9 in. by 5 in. 
Heating element eauals 1 coil of 4 ft. 6 in. of %-in. iron. 
Radiation equals 0.99 sq. ft. 
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SECTIONAL VIEW 
FIG, 1. 


DETAILS OF KETTLES TESTED. 
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Fittings: 
1 pan, 2 qt. size (21 in. by 12 in.) 
2 pans, 1 qt. size (8% in. by 4 in.) 
Openings for 
4 pots, 4 qt. size (8% in. diam.) 
Pots were not used in tests. 
Hot Water Urn: 
Vertical, syphon type. 8 gallon capacity. 
Heating element equals coil 7 ft. 3 in. of 7 in. brass tubing. 
Radiation equals 1.66 sq. ft. 
In a second series of tests the coil was increased to 14 ft. 6 in. 
of %-in. brass pipe having 3.32 sq. ft. of radiation. 

The required steam pressure for the tests was obtained 
through a reducing valve from a main carrying steam at about 
80 Ibs. pressure. The steam was then taken through a cooling 
coil to reduce the super-heat and used in the apparatus being 
tested. The pressure and temperature of the steam was meas- 
ured before entering the apparatus. At the lowest point of the 
supply connection a drip valve was installed and run partly 
open to remove any condensation in the supply pipe. 

The return from the apparatus tested was discharged by a 
\4-in. Thermograde valve, acting as a thermostatic trap, passed 
through a small cast iron radiator to condense any vapor 
caused by re-evaporation, and then measured by a small Sim- 
plex condensation meter. 

The typical arrangement of the supply and return connections 
showing locations of valves, steam gauge, thermometers, cooling 
coil, meter, etc., is shown in Fig. 2. 

The principal object of the tests was to find the rate of heating, 
the pounds of steam required to boil or reach a maximum tem- 
perature, the rate of condensation to maintain boiling or maxi- 
mum temperature, and the lowest steam pressure it would be 
advisable to use with each piece of apparatus in commercial 
work, . 

Steam pressures of 2, 5, 10, 15 and 25 Ibs. were used in the 
tests. 

In all tests, the water in the kettles and other apparatus at the 
start of the tests was at 60 degrees F. 

The temperature of the testing room was from 85 degrees to 
90 degrees during the tests. 

Observations of steam pressure, temperature, etc., were taken 
at five minute intervals during the tests except some of the 
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tests on the hot water urn, where one minute readings were 
taken 

One degree and two degrees superheat in the steam supplied 
to the apparatus was obtained at times, but all the results are 
calculated on the basis of dry steam. 

The full jacketed and half jacketed kettles were tested with- 
out covers, while in commercial use they are always installed 
with covers. This should be kept in mind when interpreting 
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the results of the tests, for if covers had been used the kettles 
would have heated up in less time. 

The kettle with annular heating element was furnished with 
a cover and was tested both with cover open and with cover 
closed. 


The hot water urn was first tested with the regular heating 
element, consisting of a coil of 7 ft. 3 in. of 7%-in. brass tubing. 
The heating element as then replaced by one double in size, con- 
sisting of a coil of 14 ft. 6 in. of 7g-in. brass tubing. Pressures 
in the water space of the urn were measured by a mercury 
manometer. Temperatures of the water up to about 200 degrees 
were taken by a thermometer immersed directly in the water; 
above 200 degrees the temperatures were taken by a thermometer 
in a deep oil well immersed in the water and screwed in the cap 
on the top of the urn. It was found that a pressure of 6% in. 
of mercury was needed for the reliet valve to blow and that a 


pressure of 1% in. of mercury was sufficient to syphon the urn. 


The steam table was tested with water in the bath and in the 
pans. 


No dishes were available to place in the dish warmer, so it was 
tested without them. Tests were made with doors open and with 
doors closed. Temperatures were taken at the top and bottom of 
the heated space. 

A summary of the tests on the different apparatus and plots 
showing graphically the rise in temperature and the steam con- 
sumption of the tests on the kettles are given herewith. It 
should be noted that the column marked “Efficiency to the 
Boiling Point,” shows the percentage that the heat gained in the 
water heater bears to the heat of the steam used to bring the 
water to the boiling point. 

It should be noted that water was used in these tests of cook- 
ing apparatus; while in actual commercial use the cooking ma- 
terials and liquids used would somewhat increase the boiling 
point and the time necessary to bring to boiling. 


These tests would seem to indicate: 


(1) That the full jacketed kettle should work satisfactorily 
on 5 to 10 lbs. steam pressure. 


(2) That the half jacketed kettle is unsuitable for low steam 
pressures and requires 15 lbs. pressure or over. 

(3) The kettle with submerged annular heating element is 
the most efficient and requires 5 to 10 Ibs. steam pressure. If 
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the heating element were increased, the kettle would operate 
under the most favorable conditions on 2 lbs. pressure. 

(4) The importance of having covers on the kettles is clearly 
shown from the tests on the kettle with annular heating ele- 
ment where, with 5 lbs. pressure, with cover on, it boiled in 68 
minutes; while with cover off it only reached 202 degrees in 85 
minutes. 

(5) The dish warmer and steam table aré suitable for low 
steam pressure and should operate satisfactorily at 2 to 5 Ibs. 
pressure. For 2 lbs. pressure it would be advisable to increase 
the heating element somewhat. 


(6) The hot water urn of the syphon type, with standard coil, 
requires 5 lbs. steam pressure. For 2 Ibs. pressure the surface 
in the coil should be increased and it would be best to use the 
open, elevated type of urn, so that the hot water could flow out 
by gravity without having to form a pressure in the urn. 


In conclusion it may be said that all the cooking apparatus 
tested, with the exception of the kettles, are readily adapted to 
low pressure steam, even as low as 2 lbs. Kettles are not suit- 
able for operation on very low steam pressure and it would 


seem as though a complete new design or, at least, considerable 
changes in the present designs would be necessary for success- 
ful use with 2 lbs. steam pressure. The importance of proper 
supply and return piping is apparent when using low steam 
pressures and the same care and attention to sizes, drainage, etc., 
should be followed as in low pressure steam heating practice. 
Supply pipes should be large, each piece of apparatus should 
have a separate trap or thermostatic return valve, and the re- 
turn piping should drain free and clear into an open return with 
no chance of back pressure. 


SUMMARY OF TESTS ON STEAM COOKING APPARATUS 
Full Jacketed Kettle 
(No Cover) 


Steam per 
hr. to 
Maintain 
Steam Max. or Eff. to 
Steam Used Boiling Boiling Water 
Press. Temp. Timeto Boil. to Boil. Temps, Point. Heated. 


21bs. 220° (202° in 65 min.) 26 Ibs. 15 tbs. 8 gals. 
Sibs. 228° 50 min. 3% Ibs. 26 Ibs. 8 gals. 
10 lbs, 241° 22 min. 19 Ibs. 3% Ibs. 8 gals. 
25 lbs. 268° 13% min, 20 Ibs. 63 Ibs. 43.3% 8 gals. 
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Half Jacketed Kettle. 


(No. Cover) 

5 Ibs. 228° (195° in 65 min.) +Lbs. 16 lbs. a —- . 
15 Ibs. 252° 105 min. 76 Ibs. 24 Ibs. 35.7% 25 gals. 
Kettle With Submerged Annular Heating Element. 

(With Cover on) 
2 Ibs. 220° (200° in 90 min.) 42 Ibs. eer . 25 gals. 
5 lbs. 228° 68 min. 43 lbs. 22 Ibs. 63.6% 25 gals. 
10 Ibs. 248° 48 min. 42 Ibs. 41 Ibs 64.9% 25 gals. 
15 Ibs. 252° 36 min. 40 lbs. 55% lbs 67.9% 25 gals. 
2 Ibs. 220° (200° in 75 min.) 37 Ibs. 14% Ibs. pee 15 gals. 
5 Ibs. 229° 45.min. 38 Ibs. 14 Ibs. 72 % 15 gals. 
Same Kettle. 
(With Cover Off) 
5 Ibs. 229° (202° in 85 min.) 56 lbs. 27 Ibs. 25 gals. 
Dish Warmer 
(With Doors Closed) 
Steam Time to Temp. Steam Steam per hr. to 
Press. Temp. Max. Temp. Top Bottom Used Maintain Max. Temp. 
2 Ibs. 220° 30 min. 150° 148° 8 lbs. 15 Ibs. 
(Same with Doors Open) 
2 Ibs. 220° 25 min. 114° 112° 8 Ibs. 14 Ibs. 
Steam Table. 
(With 12 gals. of Water in Bath) 
Seam per br. to 
Steam Time to Boil Steam Used Temp. in Maintain Max. Temp. 
Press. Temp. in Bath to Boil Pans or Boil 
2 Ibs. 219° 196° in 50 min. 26 Ibs. 166° 14 Ibs. 
5 Ibs. 228° 45 min. 24 Ibs. 180° VY Ibs. 
Hot Water Urn. 
(With Standard Coil) 
Time to Steam Time to Time to Max.Press. Steam per hr. 
Steam Heat to = to Heat Eff.to Obtain 2° Blow Relief Obtain'’d in to Maintain Water 
Press. Temp. 212° * to 212° 212° Hg. Press Valve in. of Hg. Max. Press. Heated 
Sits. .... l3min. 10 Ibs. aiewun POM cacss avcse BRR 7 gals 
_. See Se Ee. | ees h 6flUC Ll 
) iia el ee re ee fF <—s " 
Beeee. «osc * BO TGR fk cenK DE west. baad Boiled 7 gals. 
too hard. 
(With Large Coil) 
Time to Obtain 
1%" He. 
Press. 
2lbs. 220° 14min. 10lbs. 76.9% 35m. ..... 14” 13 Ibs. 7 gals. 
Sibs. 21° S8min. 10lbs. 76.6% 9m. Ilm. 4%” 25 Ibs. 7 gals. 
10 lbs. 220° Smin. 12lbs. 63.7% 5%m.6m. 6%” 57 Ibs. 7 gals. 
1Sibs. 252° 4min. 10lbs. 76.1% 4 m.4%m. 6%" 75 Ibs. 7 gals. 


25 lbs. 267° 3min. 10lbs. 75.8% 3 m. 3%m14 ” 138% lbs. 
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FIG. 3. RESULTS WITH HALF JACKETED IRON KETTLE. 
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PIG. 4. RESULTS WITH FULL JACKETED IRON KETTLE. 
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FIG 5. RESULTS WITH COVERED IRON KETTLE WITH SUBMERGED HEATING 
ELEMENT (25 GAL. OF WATER), 
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FIG 6. REST 





Stanparp Heatinc ELEMENTts—Low Pressure STEAM 


COC 


Curv S| 


Temperature 


50 





LTS WITH COVERED TRON KETTLE WITH SUBMERGED HEATING 


ELEMENT (15 GAL. OF WATER). 








118 Discussion—STANDARD Heatinc ELEMENTs—Low PressurE STEAM 
DISCUSSION 


D. S. Boypen: I should like to add that it is surprising how 
little interest and knowledge the manufacturers have of the 
steam element in their apparatus. They spend a great deal 
of trouble and time, as well as money, in finishing with nickel- 
plate, adding to the ornaments, etc., but we are unable to get 
them to co-operate with us toward the collection of any informa- 
tion as to steam requirements of their apparatus. About all the 
attention they pay to the steam element is to have a steam-fitter 
the last thing before the apparatus goes out, put a coil or two 
in for the steam connection, and that is all the attention the 
steam end of the apparatus receives. 

I want to call attention also to the haphazard method used 
in installing the piping for steam cooking apparatus in hotels, 
hospitals, restaurants, etc. There is no selection of the kind of 
apparatus to be used for certain conditions. The same appa- 
ratus may be used on various pressures from 30 to 80 lb. In 
the hcating of buildings, it is customary to reduce the high 
pressure steam to the lowest constant pressure, and we obtain 
good results. But this practice has never been applied to the 
use of steam cooking apparatus. I think the Society should 
work with the idea of requiring the manufacturers to put out 
better steam elements in their cooking apparatus. A fixture 
should be designed for efficient operation at a certain pressure, 
and be plainly marked—“ Designed to work at 2 Ib., 5 Ib., 8 Ib., 
steam pressure,” as the case may require, and then limit the user 
to those conditions. If you take a chef used to working with 80 
Ib. pressure, he won’t be able to use the same apparatus with 
60 Ib., hence we should have a standard heating element for all 
apparatus. 

The manufacturer has been the last to become interested, but 
I have been successful in obtaining the co-operation of one of 
these concerns in Boston. We are going to try this year to get 
more manufacturers interested in this work. We should have 
this class of apparatus as well defined as we do electrical ap- 
paratus. 

There are many things that we do with electricity in 20 minutes 
that could be done in 5, but the maximum demand would be 
greater and the difference in time does not warrant the increased 
speed, and more time could be allowed when using low pres- 
sure steam for cooking if the operators were educated to the 


conditions. 
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I trust that the members of this Society will use every effort. 
when they come in contact with the manufacturer or user of 
cooking apparatus, to bring about a more scientific design and 
classification of this apparatus. 


M. WituiAM Enruicu: It might be of interest to know that the 
art of cooking by low-pressure steam was known to some even in 
1792. Even though the science was not mastered, the practice 
was understood. This is simply given as a historical fact and 
is based on an advertisement shown to me by R. P. Bolton as ap- 
pearing in an English newspaper of that date. The advertiser 
was a dealer in kitchen utensils and appliances. 


PRESIDENT KIMBALL: This is a question that is always one of 
difficulty in institutional work. There is necessity of .vary- 
ing pressures from 40 to 70 Ib., all of which must be available 
at the same time, and it complicates matters considerably. 


M. W. FRANKLIN: This subject is a very wide one. The 
use of steam for cooking is not confined to cooking food—it is 
also used largely in chemical plants. It is a fact that the appa- 
ratus used in this industry is widely diversified, and very little 
has been done toward standardizing any of it. 

The Society would be engaged in an excellent work if it would 
accomplish the standardization of the apparatus among the many 
manufacturers. Candy manufacturers, people working with glue, 
etc., have long used steam for cooking, but it is a curious fact 
that none of the apparatus made by the different manufacturers 
is subject to any standard practice. It is very difficult for an 
engineer to design a plant, for instance, a chemical works, and be 
able to get just what he wants. The different makers will not 
have the complete line of apparatus that is needed, and while 
one type will be very suitable in one respect, another type will 
be better for another use, and it is not easy to find all the appa- 
ratus that will be needed, so that it will fit together advan- 
tageously. 
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COST OF REMOVING AND REPLACING 
PAVEMENTS INCIDENT TO THE 
INSTALLING OF HEATING 
LINES IN CITY STREETS 


By W. F. Verner, ANN Arsor, Micn. 
Member 


NE of the principal factors to be considered in constructing 
C a distribution system for heating relates to the tearing up of 
the pavements in the city streets, and replacing the same 
in good condition. In most cities permission must first be granted 
before construction is begun, and in many cities it is customary for 
the municipality to do all repairing relative to the streets, and 
bill the company installing the system for the labor and material 
expense, incident to the repaving over the mains and services. 
The manner pursued in constructing the system plays an im- 
portant part. The customers must first be secured before ex- 
tending a line, and after a period of years it is found that the 
total cost of construction is more than if the system had all been 
put in at once. That is, the work is done piecemeal. The cost 
of removing and replacing the pavement per square yard is 
necessarily higher than what a contractor would charge if he 
were paving an entire street. The following tables are the re- 
sults of an extended study of actual costs. 


TABLE 1—COST OF REMOVING PAVEMENT 


Sq. yd. removed per 
day of 9 hr. per man Cost per sq. yd. 


Sheet Asphalt 13.05 24 
Brick 16.83 18 
Concrete foundation 16.11 19 
Cedar Block, Creosoted Block 

and Cobblestone 27.00 12 
Granite Block 14.04 22 
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The gangs doing this work generally consist of 6 men and a 
foreman ; laborers, $2.50 per day; foreman, $3.60 per day of 9 
hours. Distributing the foreman’s time to each laborer will make 
a charge of $3.10 for the work accomplished by each laborer. 


The above costs are used in preparing Table 2. 


TABLE 2—COST TO REMOVE VARIOUS KINDS OF PAVEMENT PER LINEAL 
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Cedar Block 


Sheet As 
phalt on 6” 
Concrete 
Brick on 6” 
Concrete 
Cedar Block 
on Sand 


i) 
3 
reeedtapts tt gt ~ 


of Trench 


Vidth 


Q\ 
¥ 


t 
Ls 


S) 
~ 
SS 

ae 
28 eet 6” 


Nbr 
ut 


~) 
NI 
: 


oa 
50” 
30” 
aa" 
35” 
36” 
a” 
390” 
41” 9 


04 
05 
; 05 
1 05 


aya eere a ree a) 
NSwwwdre— 


TABLE 3—HOURS LABOR AND MATERIAL QU 
PAVEMENTS, UNITS PER SQUARE YARD 


used where possible 


Con- 


Cedar Block 
crete 


on 6 
Cobblestone 


Brick on 6 
Concrete 
oo on Sand 


=~ 
- 
_ 


Foreman’s time (hrs.)... 

Pavers’ time (hrs.)...... 

Laborers’ time (hrs.).... 

Team time (hrs.) 

Cu. ft. of sand 

Sacks of cement ........ 

Gallons of tar 

srick No. 1 

ee  *—e are 

Sq. yds. cedar block, No. 2 

Sq. yds. creosoted block, 
No. 1 

Sq. yds. granite block.. 

Cu. ft. crushed stone 

Ca. 8. OF SUBVEE 6 icsicss 

Gallons of Of) «....:....%. 

Lumber F. B. M. ...... 

Spikes ae ee eee 

Total number of yards 
SS errr k 


_ — EOD 
_ PUR 


Concrete 
Concrete 
Cobblestone 
on Sand 


ji Granite 
© Block on 6” 


Smee Creosoted 
SSSRRRGLE& Block on 6” 


ry a 
NN—OS 


ANTITIES FOR REPAIRING 
(All old material is 


) 


Creosoted 

Block on 6 

Concrete 

Con- 

crete 6” 
Sand 


on 


we 


Sato = Cedar Block 


685.5 301.0 





Cost cr RemMovinNG AND RepiLacinc PAVEMENTS 


REPAIRING ASPHALT 
(Cost per Sq. Yd.) 


A flat rate for repairing asphalt, not including foundation, is $1.50. 
A 6” concrete foundation will cost approximately the same as con- 
crete pavement, or $1.54 per sq. yd. 


REPAIRING BRICK PAVEMENT ON 6” CONCRETE 
(Cost per Sq. Yd.) 
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REPAIRING CEDAR BLOCK ON 6” CONCRETE 
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REPAIRING CONCRETE 6” 
(Cost per Sq. Yd.) 
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DISCUSSION 


D. S. Boypen: In the larger cities, including Boston, where 
I am somewhat familiar with the work, the Public Service Com- 
panies are obliged to give a blanket order each year to the city and 
agree to pay the outside dimension of all the amounts on which per- 
mits are taken. The city takes the orders and gives them to the 
company with whom they have made the contract in advance for 
resurfacing. The city sees that the surface is put back to conform 
with the original surface. Much undue criticism is thrust upon the 
utility companies in cases of unsatisfactory resurfacing, but it oc- 
curs to me that when the company foots the bills, they should 
have the privilege of participating in the measurement and inspection 
of resurfacing inasmuch as they are held responsible by the public. 
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HEATING AND VENTILATING PLANT, WAITE 
HIGH SCHOOL, TOLEDO, OHIO 


By Samue- R. Lewis, Cuicaco, ILL. 
Member 


[lle purpose of this paper is to describe the equipment of 
7 this plant in its general arrangement, especially in the par- 

ticulars which have developed in our experience with some 
twenty Toledo schools. 

The building is of fireproof construction throughout and is, 
with its duplicate, the Scott High School, so located on a large 
campus that a detached boiler-house is impracticable. The only 
basement provided is for the mechanical equipment; the ground, 
first and second floors covering the entire area, with a refectory, 
kitchen, printing shop and photographic gallery on the third floor 
at the center. 

The boiler plant is under the center of the building with its 
floor about 20 ft. below grade. The fuel storage of 700 tons of 
bituminous coal is entirely below grade, filled through manholes 
in a paved driveway above the bunkers. Ashes are removed 
by an electric elevator, and steel ash cans are used exclusively in 
this function, being designed especially to fit trucks. Coal is 
handled by a narrow gauge railway, which runs over a scale into 
and through the center of the coal bunkers. This railway also 
runs on the elevator, and is available for handling heavy ma- 
chinery in the plant, as well as for the mechanical laboratory, the 
only educational room on the boiler floor level. 

The general scheme of heating is as follows: 

The heating and ventilating plants are combined, and no direct 
radiators are used except for special rooms. The fresh air, en- 
tering at the second floor level (since no satisfactory grade level 
intake, away from the danger of dust from coal handling, was 
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available) is tempered at that level, and space for a future air 
washer is there provided. At present, high pressure steam jets 
automatically controlled, are used for humidifying, with reason- 
ably satisfactory results. The air, at about 70°, is then drawn 
down about fifty feet to the two supply fans, and by them forced 
through the distributing ducts. These are in general of masonry 
and at the beginning are each about 8 feet square. 

At various locations convenient to the vertical flues, the dis- 
tributed heating radiation is placed in plenum chambers, so 
that the mixing damper in each flue may receive either hot air 
or tempered air. The purpose of this distributed heating radia- 
tion, which comprises about one-third of the total blast surface, 
is to insure quick and evenly balanced distribution of the warmed 
air, and to give gravity heating when the fans are not in opera- 
tion. 

It is also arranged in this way so that various departments 
may be heated and ventilated, or not, as the uses of the building 
may require. Thus, the laboratory group, the night school 
group, the gymnasium, the manual training group, or the audi- 
torium, may be separately heated and ventilated, or any of them 
may be closed off while the balance are in use. This is accom- 
plished from the engine room by pneumatic control from a central 
indicating switchboard. 

Another advantage gained by the group arrangement is that 
should a cold wind come from any special direction, which 
always means lower heating of the rooms on that side, the power 
of the entire plant may be diverted there, when warming the 
building prior to occupancy, by a simple switch manipulation 
from the engine room. Dampers, switch operated, are placed in 
the tempered air openings to all plenum chambers, independent 
of all thermostatic or manual control, which, prior to occupancy, 
insure that the slowest room to heat in that group shall cumu- 
latively receive the heating power delivered to the entire group. 

The entire air delivering system is accessible through large 
doors; is thoroughly lighted; and is provided with flushing 
valves and screwed shut sewer connections, so that it may be 
thoroughly washed free from dust. There is no harbor any- 
where for rodents, as all pipes, conduits, etc., pass through lighted 
and accessible ways made for the purpose. 

The air, regulated in temperature by the thermostats placed 
in the rooms, and controlled in volume by dampers handled by 
concealed chains from the rooms, passes up the vertical masonry 
flues and is delivered into the class-rooms about eight feet above 
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the floors. Here are located vertical blade adjustable diffusers, 
which are painted to match the walls. The air leaves the rooms 
at the floor through metal elbows, without screens, arranged so 
that they must be cleaned whenever the floors are cleaned. 

The gymnasium <..d swimming pool are arranged to be used 
alternately by both sexes, with isolated locker and shower rooms. 
The air enters the swimming pool from the visitors’ galleries 
above the locker rooms from tempered air inlets behind direct 
radiators, which permit of the easy attainment of any tempera- 
ture required, as well as for the use of the room when the main 
supply fans are not running. The air leaves the pool-room under 
positive exhaust, through concealed sound-proof flues to the 
locker rooms, and out through the lockers to a separate exhaust 
fan. by this arrangement, the entire department is kept sweet 
smelling and the clothing is dried rapidly. 

The gymnasium, owing to structural requirements, forms 
rather a difficult problem since neither upward or downward ven- 
tilation, nor direct radiation was feasible. It has no ceiling but 
that formed by the roof. It is exposed on three sides and has 
glass tile skylights. It is heated by individual groups of indirect 
radiation at the bases of the ten supply flues, the steam supply 
valves of which are thermostatically operated, and even in cold 
weather the room is warmed satisfactorily by gravity. ‘The air 
enters through grilles looking up, in the window sills, and leaves 
the room through grilles in the outside walls near the floor, pass- 
ing down about twenty feet to basement gathering ducts leading 
to two large vent flues. 

The auditorium balances the gymnasium at the opposite end 
of the building, and has three sides exposed. Since it has a 
ceiling, however, and a bowl floor, the problem was much easier 
of solution. Tempered air from one of the main supply fans 
passes through a heating chamber to four mixing dampers, each 
of which supplies one-quarter of the space under the floor. There 
is one damper and thermostat for each half of the balcony, and 
one for each half of the main floor. 


In addition to these thermostats, three more, centrally located, 
control progressively the three superimposed layers of heater. 
There are one thousand floor inlets, one under each seat, of a 
special patented type which permits of minute adjustment while 
preventing absolutely any dirt from entering the air chamber. 
The air leaves the room through the ceiling, in plaster grilles and 
has a separate exit from the building, due to a fire wall. 
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All toilet fixtures throughout the building and all lockers are 
positively ventilated by exhaust fans. ‘The closets and urinals 
have large local vents, and the air for ventilating them is origi- 
nally forced into the corridors. From the corridors, on the 
various floors, sound-proof individual flues supply the air to the 
toilet rooms. Thus the corridors receive suction ventilation, and 
still there is always a greater suction in the toilet rooms than in 
the corridors, so that no toilet room odors can possibly enter the 
building. 

The chemical laboratory is equipped with a special phos- 
phor-bronze exhaust fan placed in the room and controlled by 
the instructor. 

The refectory is supplied from a central heating chamber and 
has an individual cut-out switch as this room is used only during 
the lunch hour. It is ventilated exclusively through the double 
doors to the kitchen, where a large exhaust fan, controlled by the 
occupants, is placed above the range. This arrangement is used 
when cooking is in progress and is effective. As the refectory 
is also used for entertainments, arrangements are made for stand- 
ard ventilation outlets in the side walls at the floors. These must 
be closed when the kitchen exhaust fan is operated. 

The general air from the building is discharged through two 
large brick chimneys. The toilet and locker exhaust fans dis- 
charge through two smaller chimneys. There are several con- 
cealed ventilators from other fans, fireplaces, forges, etc. 

Steam is generated to about 90 lbs. maximum pressure in four 
150 horse-power watertube boilers, provided with hand-fired brick 
arch furnaces. The brick settings are steel jacketed. The chim- 
neys are 110 feet high. It has been found easy to maintain the 
steam pressure using three boilers, in the coldest weather, though 
to do so undoubtedly involves a considerable overload. 

The apparatus was designed with a view to compactness and 
easy operation. To that end the boilers, engines, pumps, and 
auxiliaries, are all grouped within a comparatively small area. 
Space and connections are left nearby for the future installation 
of two 125 K. W. steam-driven generators. 

The following is a schedule of the size of the principal ap- 
paratus: 

Boilers, 4, 150 H. P. 
Supply Fans, 2, double No. 16 Multivane. 
Exhaust Fans: 
Toilets, 2, single No. 9 Multivane. 
Pool, 1, single No. 7 Multivane. 
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Kitchen, 1, single No. 7? Multivane. 
Chemical, 1, single No. 3 Multivane. 
Forge, 1, single 60-inch steel plate. 
Forge supply, 1, single No. 5 Monogram. 


All except the main supply fans are electric driven, as they 
are to be used independent of the heating system and are scat- 
tered throughout the building. The main supply fans are oper- 
ated by 14” x 14” belted steam engines, and for this reason are 
placed adjacent to the boiler-room. 


The vacuum and boiler feed pumps are in duplicate and are 
steam driven. The air compressor is steam driven, and fur- 
nishes air at 80 lbs. pressure for laboratory purposes, as well as 
at 15 Ibs. pressure for the temperature regulation and damper 
operating functions. 


TOE BEE PRs 6b dn dees ccs ccsces 14,029 sq. ft. 
BEE GOR CR oo cc cccnncscesess 4,500 sq. ft. 
Total contents of heated spaces........ 2,900,000 cu. ft. 


Direct radiation is used in all toilet and locker rooms, in the 
shower rooms and in the offices. In toilet rooms, it is placed near 
the ceiling so that an unobstructed floor may be maintained for 
sanitary reasons. 

The house water and that for the pool is heated by a closed 
feed water heater operating at high pressure, with an auxiliary 
direct injection noiseless circulating nozzle in the pool. 

The building was completed about November 1913. It was 
operated throughout the entire heating season of 1914-15. The 
auditorium and gymnasium were operated several times each 
week. The fuel burned amounted to 1,103 tons of Kentucky nut 
pea and slack bituminous coal, costing $2.45 per ton. This is a 
fuel cost for‘heating and ventilating of .931 cents per thousand 
cubic feet of space heated per season, or .76 lbs. of coal per cubic 
foot of space heated per season, which, in view of the considerable 
amount of coal burned for night use and on account of the swim- 
ming pool and shower baths, compares favorably with the records 
made some years ago by Thos. J. Waters, chief engineer of the 
Chicago Board of Education. Mr. Waters found that the fuel 
consumption in elementary schools without gymnasiums, audi- 
toriums and baths, averaged in all blast heating systems, .62 Ibs. 
per cubic foot of space heated per-season, while for the so-called 
split systems it averaged well over one pound of coal per cubic 
foot of space heated, 
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DISCUSSION 


Tue Autuor: This paper was written in accordance with a 
letter from the Secretary, suggesting that there would be a num- 
ber of papers outlining the costs of operation of various heating 
and ventilating plants, and asking for one on school-house 
costs. It is, therefore, more elaborate than might be considered 
necessary, but it was not intended, when it was written, as a 
paper to occupy the first pages of the Journal. 

I intended to describe the system of heating in a large building 
which has been outlined in my introduction. The general idea 
was to provide, in a building 365 ft. in length, a system of 
heating which would enable us to heat the more distant rooms 
as easily and quickly as those in the center, from a plant located 
about the center of the building. The interesting things about the 
plant are that the entire heating of the building is controlled 
by a pneumatic switch board, and the fact that this building, with 
boilers of 600 h.p., is capable of being operated by one man, 
owing to the centralization of the apparatus and the pneumatic 
control. The entire work of heating, with but few exceptions, 
is done by the blast system. 

In this plant the air is heated at the center of the building 
to about 68 deg., and delivered through large tunnels to a 
number of reheating chambers at the bases of the groups of flues. 
In these chambers the temperature is raised to about 120 deg., 
and no air is conveyed any appreciable distance horizontally after 
it is heated. The primary heating coils, or about 2/5 of the total 
heating surface, are controlled by thermostats. The remaining 
3/5 are controlled by the switch board from the engine room, 
so that the amount of radiation heated may be governed by the 
demands of the outside temperature. This leads, we have found, 
to economy in operation. Automatically controlled steam jets are 
used for humidifying with future provision for an air washer. 

The cost of operation as shown in the paper amounts to about 
93 cents per thousand cu. ft. per season. The ordinary system 
of heating with this method costs anywhere from this amount to 
$2.00. Of course, it is to the advantage of this plant that it is 
very large and that it is used a great deal for night classes, when 
from six to ten rooms are utilized. This system particularly 
adapts itself to that use because by means of it, only the section 
of the building which is to be used needs to be heated. The 
auditorium and the gymnasiums are separate units, and they are 
often used when no other portion of the building is occupied, 
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J. D. Cassett: I feel that I owe an apology, as I was appointed 
a member of a committee to collaborate information on this 
subject, and failed to prepare anything in particular. 

There is, however, something in the paper just read, about 
which I can speak. We have tried a similar method in our 
schools with the exception of the centralized control, located in 
the engine room, and found that it failed, notwithstanding there 
was no difficulty in raising the temperature of the rooms to 70 
deg., as indicated by the thermometers. On every cold Monday 
morning, we received complaints of cold feet, particularly from 
the scholars sitting near the exposed walls and window surfaces; 
by two o'clock the conditions complained of would be overcome. 
We gave the system up and now use enough direct radiation te 
take care of the equivalent glass surface and place same adjacent 
to the outer walls. This answers the purpose better than the 
plenum system of heating, and has proven much more satis- 
factory. 

I think if the plant described is in a building where night 
sessions are held, that it is in its favor, and the hand control, if 
properly operated should prove a source of economy. Neverthe- 
less I firmly believe that eventually the same trouble will arise 
that I have mentioned. 


Tuomas Barwick: I want to ask Mr. Lewis if he based his 
calculations on the amount of coal per room. On the cubic 
foot basis, a great deal of heat is taken up by the halls, corri- 
dors and similar spaces, which is not accounted for. Mr. Waters 
figures that the consumption of coal per room is about 10 Ib. 
In New York, it may be figured from 8 to 12 lb. At the present 
time I have five or six schools in mind, where we figure al-out 
10 lb. per room, in a building of 8 rooms, and another of 35 
rooms, where the auditorium was heated 84 times last winter, 
that we ran on 7 lb. per room. If Mr. Lewis will enlighten us 
on the actual coal consumption per room, I think it will come 
nearer to presenting the subject in a way that we have had it 
before. 


PresIpENT KiMBALL: My experience has been that it is diffi- 
cult to figure on the room basis because each architect has a 
method of his own. It seems to be a matter of opinion, and there 
is nothing in the nature of a definite standard. The average is 
about 750 cu. ft. for a high school, and 1,000 cu. ft. for a grade 
school room, but it differs widely, hence it is hard to check re- 
sults on such a basis. 
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Rate CoLtaMore: I am glad that Mr. Lewis has based his 
calculations on actual consumption per cubic foot, for I think 
that all data offered on the room basis is very misleading. Mr. 
Lewis, I believe, has based his calculations on the inside dimen- 
sions of the building including corridors, class rooms, and in 
fact all space that is heated. It might be well to use the vutside 
dimensions, because this is what the architect does when he 
figures the cubical contents of a building. I think if this was 
accepted as a standard it might be helpful in the future. 


PRESIDENT KimBaLL: I agree with the last speaker, but even 
then, it would be difficult to figure approaches, porches, etc. 


J. D. Cassett: Do I understand that the figures were on inside 
dimensions? I think that they should be outside. 


M. Wittram Exetuicu: As a suggested standard the term 
“gross contents” and “net contents” might be used; gross contents 
would indicate the inside dimensions and the net contents would 
give the volume of heated space. In this way information on each 
can be separated, and then one could easily recognize which 
unit is being referred to. 


D. M. Quay: When we consider coeling surface, glass sur- 
face and air leakage, I think it would be well to take the 
outside measurements. But we make a mistake if we do not 
consider these factors, and only take inside dimensions. It is 
misleading to take only outside dimensions; we should take both 
inside and outside. The outside measurements differ materially 
from the inside cubical contents, even when figured with well 
constructed walls, and so it seems misleading to take simply 
outside measurements without qualifications. 

J. D. Cassett: If we take the inside measurements, and the 
glass equivalent, would we not obtain the result Mr. Quay asks 
for? It seems to me we could then agree on a glass equivalent. 

Tuomas Barwick: I base my calculations on a standard room 
on 10,000 cu. ft. of space; that is the standard size I have usually 
been figuring. 

Wittiam Kent: I should like to ask Mr. Lewis if there is 
provision made for recirculating air during the periods of non- 
occupancy. 

Tue Avutuor: The building has a fireproof attic with two 
very large chimneys leading out of it, which are used instead of 
ventilators. There is a provision made so that dampness may 
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be closed out in the above outlets, and so that the air may be 
recirculated, all under pneumatic control from the switchboard. 

If you consider an eight-room school, in which the all blast 
system is used, there are usually no horizontal ducts of any 
great length from the blast chambers to the flues. The plenum 
chamber takes care of all of the eight rooms, and you will usu- 
ally find that the northwest rooms will be the slowest to heat 
in the morning. Long after the southwest rooms are warm, 
these rooms will be too cold. Now, as soon as our first rooms 
are heated to the desired temperature, all of the heating surface 
which has been available for these rooms is available for heat- 
ing up the northwest rooms. This process continues until the 
entire heating surface is applied to the slowest room to be 
heated. 

The peculiar feature of the design is that the heating sur- 
face is proportioned for each class room, but as soon as the 
rooms that heat quickest shut off, and are getting tempered air, 
all the heating surface is available for the remaining rooms until 
finally the entire cumulative effect is available for the last room. 
In this plant, we can heat the building up to a comfortable tem- 


perature, without trouble, and we have had no complaints at 


all from cold feet. 


J. D. Cassett: I feel that we went even farther than that, Mr. 
Lewis, for we even put under the floor of each room a reheat- 
ing nest of radiators. In the northwest room we put a double 
nest, and in the southwest a single nest. These were operated 
automatically by a thermostat in the room. If a room got 
up to 70 deg., it was cut off automatically and the surplus 
(cost) steam that was thus cut off was available for the radia- 
tion in other rooms. Notwithstanding that, on a Monday morn- 
ing, when the heat had been cut off from Friday afternoon, 
so that the walls would be cold for the first five or six hours, the 
teachers made the complaint that while the rooms were plenty 
warm enough and their thermometers showed 70 deg., still the 
air was cold around the feet of the pupils, and so we had to 
give up the system. 


Tue Autnor: That is just the point that I am trying to bring 
out, between your system and the one I describe; that is your 
eastern system, while I am trying to show how western prac- 
tice differs. Your practice is to put into each room so much 
radiation, and each individual radiator is controlled by a thermo- 
stat, placed in the room. When the room gets to the proper 
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temperature, the thermostat shuts off the heat, and immediately 
that radiation ceases to pay interest on its investment. It 
ceases to condense steam to assist in bringing the rest of the 
building up to temperature. Its work is over when that par- 
ticular room is heated. That is, we think, a weak point. 

In the plant that I describe, the entire amount of radiation, 
sometimes 15,000 ft., is supplying heat to that last cold room. 
That is the crux of the situation. I wish to pay my respects 
while I have the opportunity, to direct radiation as used in the 
ordinary school room, by saying that in my opinion it is the 
invention of the evil one, that was brought into use not by engi- 
neers but by plumbers. The radiator placed against the out- 
side wall under the windows in the ordinary way is supposed 
to overcome to some extent the inward leakage of air, the 
Niagara of cold air that is due to window leakage and cold 
walls. But the chief result is that the child that sits near it 
is overheated, and uncomfortable. The radiator does not serve 
its purpose of heating the incoming air, directly, although it may 
heat up a portion of the wall surface, or chairs, or something that 
will heat by radiant heat and then being heated, will warm 
the air by convection. But the chief accomplishment is that 
you send about one-half of your radiant heat out of doors when 
you use direct radiation close against an outside wall. 

The first time that I had that brought to my attention was 
when I was doing some work in Michigan, and there they some- 
times get 50 deg. below zero. There was a store to be re- 
modeled, and I was the engineer to remodel the heating equip- 
ment. I added about 50 per cent. more radiation to the original 
job and insisted that it be put in. The owner would not let 
it go in. I knew that it would not be satisfactory, and said so. 
It was not put in the way I advised, and it did provide heat 
enough. But the radiators were not put against the walls; they 
were set out in the aisles. 


J. A. Donnetty: I do not know that I quite understand 
“western” practice yet. If you have a building with cold rooms 
on the northwest and warmer rooms on the southeast, if you 
intend to have them heat equally, you would naturally provide 
more heating surface in the northwest room and less for the 
southeast room. 

If the heating is done entirely by the entering air and the 
rooms are for the same number of pupils, the air should be at 
a higher temperature for the colder room. This is the case in 
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the “eastern” practice, but not with the “western.” The latter, 
therefore, intentionally creates the condition which heats the 
colder room slowly and afterwards claims superiority by remedy- 
ing the defect. 

In New England we used to put an equal amount of air 
at a uniform temperature in each room and then place varying 
amounts of direct radiation directly under the warm inlets. The 
radiators were placed in that location so that they would not 
interfere with the uniform distribution of the entering air. 


THe AvutTHor: The reason for this is that modern research, 
as particularly the experience of the New York Commission on 
Ventilation, and that of the Chicago Commission, tells us that 
currents are extremely desirable. 

I cite the tests by various authorities that the more rapid the 
circulation of air over the radiation the more efficient the radia- 
tion. Therefore, why not place the radiation where not only its 
tendency to create currents, but also the tendency of the windows 
to do so, will assist each other? 
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OPERATION OF WAREHOUSE HEATING PLANT 
OF MERCK & CO., RAHWAY, N. J. 


By J. F. CypuHers, Ranway, N. J. 
Member 


HE buildings heated by the present heating plant are the main 
warehouse, the liquid building, the workshop building and 


four small sheds, located as shown on the plan (Fig. 1). 

The main warehouse is of slow burning mill construction, 120 ft. 
wide by 650 ft. long, consisting of twenty-one saw-tooth sections, 
divided into rooms, some 60 by 120 ft. and others 125 by 120 ft. 
The building has concrete floors, on the ground, is one story high, 
1214 ft. being height from the floors to bottom of the trusses, and 
11 ft. from bottom of the trusses to peak of the saw tooth. 
The saw tooth windows face the north. In each saw tooth is 
about 700 sq. ft. of wire glass surface. The rest of the roof 
is composed of 3 in. plank, with 2 in. air space, then 7% in. 
boards and 5-ply Barret roofing paper. The 16 in. brick wall on 
each end of each saw tooth section contains either two windows 
4 by 8 ft. or one door 6 by 10 ft., and one window 4 by 8 ft. Six- 
teen of these sections contain only 14 in. pipe coils, suspended under 
the saw tooth skylight, some having 750 sq. ft. of surface and 
others 900 sq. ft. The remaining five sections, built in 1914, con- 
tain 850 sq. ft. of radiation each, 500 sq. ft. in the form of 1% in. 
pipe coils in the skylight, 200 sq. ft. along the west wall, and 150 
sq. ft. along the east wall. The total radiation in this building is 
17,850 sq. ft. at present. 

This building is occupied by several hundred people, mostly 
girls, who do not dress warmly, and as a result, are rather sensi- 
tive to temperature changes. They require as a rule that the 
temperature be kept within 2 deg. of 70 deg. during working 
hours. No special apparatus is provided for ventilation in the 
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various rooms of this building because the cubical contents are 
so large compared with the number of occupants that no need 
has been felt for mechanical ventilation. 

Previous to 1914 the main warehouse consisted of sixteen 
saw tooth sections, provided with the same radiators in use 
to-day. The steam for these radiators was supplied by a 5 in. 
main from the factory boiler room, 600 ft. away, carrying 100 Ib. 
pressure, through a reducing valve, which maintained a pres- 
sure in the heating system varying from 0 to 15 lbs. The re- 
ducing valve was situated at one end of the building, which 
was then 500 ft. long, and a vacuum pump was situated near the 
reducing valve, returning water to the factory boiler room. 


The operation of this system was left to the janitor of tn:- 
building, who looked after it whenever there was a complaint 
in regard to the heat, or when his other duties allowed him. 
Steam was turned on from the factory boiler room at a specified 
hour every day of the heating season, regardless of weather 
conditions, and was turned off if the building became unbearable 
after the doors and windows had been opened, 

The liquid building is of fire-proof construction throughout, 
of irregular shape, roughly, 60 by 60 ft., one story in height, with 
a cellar 20 by 60 ft. under part of it. It contains a total of about 
1,200 sq. ft. of wall radiation. The opening of the doors of 
this building for moving materials in and out, as well as some 
ventilators in the roof, keep the place sufficiently well ventilated. 
The building is occupied by men and boys. The nature of the 
contents requires a temperature not lower than 50 deg. Fahr. day 
or night the year round. 

This building, which was erected in 1910, was provided with 
an individual heating system. On account of its floor level, and 
its distance (about 100 ft.) from the main warehouse, it was 
thought impossible to connect it to the main heating system. 
A cast iron boiler was installed, and connected to a so-called 
vapor system of heating which was not suitable and hence failed 
to work. There were certain radiators in this building which 
it was found impossible to heat from the cast iron boiler, re- 
gardless of the effort made to do so. As a result, material liable 
to be damaged by low temperatures, had to be removed from the 
building in winter and it was impossible to work there except in 
certain rooms. The watchman whose duty it was to look after 
this boiler at night, one night in December, 1913, neglected it, 
and the next morning we discovered that the water in the boiler 
had frozen and burst the boiler, so that it was beyond repair 
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Within two days a high pressure steam line had been run to 
the building, a reducing valve installed, the piping changed, and 
for the first time all the radiators heated properly. In the 
summer of 1914, the heating system in this building was com- 
pletely remodeled and connected to the main warehouse heat- 
ing system. 

The workshop building, erected in 1910 is of slow burning 
mill construction, 60 ft. wide by 90 ft. long, and contains 1,000 sq. 
ft. of wall radiation. The temperature of this building is not of 
importance, and is generally carried between fifty and sixty 
degrees in the day-time. There is no heat on at night. It was 
formerly heated by exhaust steam in mild weather and steam 
at 100 Ibs, pressure in cold weather. 

The four sheds have about 50 to 100 square feet of radiation 
each (a total of 600 square feet), and are only heated when in 
use. These were erected in 1914. 

All of the above buildings are situated in a flat country, with 
their floor level about 25 ft. above mean tide (Sandy Hook), are 
exposed on every side, and are difficult to heat in cold, windy 
weather. They are equipped throughout with automatic sprink- 
lers, wet pipe system. 

The boiler room is situated at the southwest end of the prop- 
erty and forms an addition to the main warehouse, but its floor 
level is 6 ft. lower. The boiler plant consists of three 150 H.P. 
horizontal return tubular boilers forming one and one-half bat- 
teries. Room has been left in the boiler house for the fourth 
boiler, and the chimney and flue pipe are of ample capacity to 
take care of it. 

The heating system vacuum pump is placed on the floor of the 
boiler room, and transfers the return water directly from the 
return main to an overhead tank provided with overflow. The 
boiler feed pumps and receiver are fed from. the overhead tank. 
The only valve which is ever manipulated to regulate the boiler 
feed when the plant is in operation, is the steam throttle valve 
on the vacuum pump. On the wall is a gauge board contain- 
ing a recording pressure gauge showing boiler pressure, a record- 
ing vacuum gauge showing the vacuum in the return system 
near the pump, an indicating compound gauge showing pres- 
sure at the end of one of the radiator feed mains, and an indi- 
cating vacuum gauge connected at the same point as the record- 
ing vacuum gauge. 

Running the length of the boiler room and as additions to it 
are the concrete coal bins which hold 400 tons of coal. These 
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bins are filled by means of a coal conveyor: from cars standing 
on the siding alongside the boiler room. 

From the boiler room a 6 in. high pressure main runs 400 ft. to 
the center of the west side of the main warehouse building and to 
the same point a 5 in. high pressure main is run from the fac- 
tory boiler room 900 ft. away. This point is known as the dis- 
tributing point. Here is situated a reducing valve and also the 
beginning of the low pressure feed mains to all radiators of the 
system. A 7 in. main runs north, and another south to each end 
of the warehouse building, feeding the overhead radiators. The 
one to the north also feeds the workshop building. Across the 
warehouse an 8 in. main is run with a small main to the south for 
the purpose of feeding wall radiators on the east side of the 
building, and from this side is run an overhead line to the liquid 
building. The 8 in. line is to feed the radiators in a large ex- 
tension planned for the northeast end of the warehouse, in 
addition to its present use. The sheds are fed from the line to 
the liquid building. 

The return main is a 4 in. pipe laid along the east side of the 
building, outdoors, below floor level, from the point of the begin- 
ning of the proposed warehouse addition to the boiler room, and 
has sufficient capacity to take care of the returns from this addi- 
tion. It was impracticable to run a return main on the west side 
of the building either outside or inside. 

One unique feature in the return system is the gathering of 
the returns from the liquid building and sheds, where the floor 
level is over 4 ft. below the floor level of the warehouse. A 1% in. 
return main runs from the liquid building across a road, through 
an underground insulating system to a drip pocket and rises 
5% ft. into the top of the 4 in. return main. This has worked 
perfectly, and last winter was the first in which this building was 
satisfactorily heated. 

At the boiler room the return main divides, one branch going 
to the vacuum pump, and one branch to the boiler blow-off pit. 
Each branch is controlled by a valve. By this method it is 
possible to run the plant on the gravity system if it should be- 
come necessary, and it is often operated in this way on the mild 
days of fall and spring. When operating this way the return 
water from the liquid building is run to the sewer. 

The boiler safety valves are set at 125 lbs. pressure. In start- 
ing up the plant, the radiator feed main pressure never exceeds 
three pounds per square inch even in the coldest weather, and 
generally either no pressure or % in. vacuum is carried. The 
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vacuum carried on the return system varies from 10 to 12 in., 
and is fairly constant. Jet water is never used. The boilers are 
blown down about twice a week, and then make-up water is 
added to the system through the overhead tank. 

The temperature of the warehouse is never allowed to fall 
below 45 deg Fahr., and during working hours it is kept between 
68 and 72 deg. In order to maintain these temperatures in the 
coldest weather it is necessary to operate the heating plant 
twenty-four hours a day. However, the number of hours a 
day that the heating system is run is left to the discretion of the 
engineer-in-charge, who has the plant started up sometimes at 
5 A.M., 4 A.M., 3 A.M., or 2 A.M., according to weather con- 
ditions, so that the temperature will be seventy degrees when 
the employees arrive at 8 A.M. It is by this scheme of watch- 
ing the weather changes fron: day to day and making the hours 
of operation of our heating plant correspond thereto that we 
obtain the most economical operation and at the same time the 
most satisfactory results. 

The coal is weighed before being fired, and a weekly log sheet 
is kept of the operation of the plant. As an additional check 
on the firemen we have the charts from the recording gauges, 
showing boiler pressure and vacuum in the return system. 

Recording thermometers and indicating thermometers are 
distributed throughout all the buildings. As a rule the radiators 
are turned on or off by the occupants of the room, but a check 
on them is kept by frequent inspections made by the engineer- 
in-charge, as the tendency is when it becomes too warm to 
open a window or door rather than shut off a radiator. 

Although we have tried this plan of operation but one year, 
the results compared with previous years both as regards econ- 
omy and maintaining temperature have been so gratifying that 
we are proceeding with the same method this year. 

The cost of supervision, labor and supplies, such as cylinder 
oil, waste, etc., last year totaled $640.62. The coal burned was 
325 tons, at $3.50 per ton in the bins, which makes the cost of 
coal $1,137.50. This makes the total operating cost $1,778.12 for 
a season, which extended from November Ist to May 15th, or 
.086 cents per square foot of radiation. To this should be added 
heating plant repairs, interest on investment, and depreciation 
of plant to get the real total yearly cost of heating. This figure 
was not available at the writing of this paper, but is estimated 
at $2,400, making the total yearly cost of heating, roughly, 
$4,200. The total radiation is 20,650 square feet, making the 
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total cost of heating per square foot of radiation 20.3 cents per 

325 tons 
20,650 sq. ft. 

The exact cost of operation of the heating system was not kept 
previous to 1914, but a very close approximation from records 
at hand has been made, giving the old system the-benefit of 
every doubt. The cost for coal, firemen’s wages, boiler repairs, 
etc., average for the five years previous to 1914, $2,200 per year, 
for the sixteen sections of the warehouse only. Heating system 
repairs, which are, however, small, are not included in the above 
figure. The liquid building system used hard coal. No figures 
are available as to the cost of operation of this system, but it 
must have been an item, when the cost of hard coal, ash removal, 
and attention are considered. The workshop building was 
heated generally by exhaust steam so that no account need be 
taken of the cost of heating this building. 


year. = 31.4 lbs. coal per sq. ft. rad. per season. 


To compare the cost of operation of the old with the new 
system the following estimate was made: 


Heating 21 sections of main warehouse on same pro 


UGE SSO DRCUIORS 6.5. 5 os anwcdene es kaceea«ta aes $2,887.50 
Heating fireproof building with hard coal............ 278.00 
Cost of coal and labor, old system.................-. $3,165.50 
Cost of coal and labor, new system..............00000- $1,778.12 


Assuming depreciation and repairs to be $1,800, which is 
about right, the total cost of heating for the season would be, 
$2,200 plus $1,800, or $4,000. The total radiation was 12,600 
square feet, which made the total cost of heating per square 
foot of radiation 31.7 cents per year, with the old system and 
method of operation. 

In consideration of the extreme length of the building, the 
small difference in level between boiler room floor and warehouse 
floor, the large glass area in each saw tooth, the extreme ex- 
posure from every side, the temperature control required not 
only during working hours but at all times on account of the 
nature of the contents, the fact that exhaust steam is not avail- 
able for heating but that live steam needs to be used, we believe 
the cost of operation of this heating system to be exceptionally 
low, and that the cost shows the result of the utmost care in 
operation. 
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DISCUSSION 

ArTHUR Ritter: Figuring cubical contents per square foot 
of radiating surface for the warehouse which covers over 85 
per cent. of the system, you get 80 cu. ft., which would 
indicate an efficient heating system and a good tight building, 
considering the saw-tooth roof construction and extreme ex- 
posure. From this we can also assume that the inward leak- 
age of fresh air is very small. Some three hundred people are 
engaged in this warehouse, mostly girls, so that some system 
of mechanical ventilation would be worth considering. A prop- 
erly designed fresh air supply ventilating system would require 
from 25 to 30 boiler h.p. in addition to the present heating sys- 
tem in zero weather, which includes steam for the tempering 
coils and fan engine. 

As regards the cost of operation, this also appears to be quite 
economical. From a table in Mr. Martin’s paper we find that 
the average cost for a building of the same cubical contents 
would be $2,300 per year, including fuel, labor, ash removal, 
make-up water, supplies and repairs. 

I would like to ask Mr. Cyphers if the steam supply to the 
liquid building and work-shop are above or underground, and 
how insulated. 


E. L. Hocan: I beg to call your attention to several points in 
connection with the paper read by Mr. J. F. Cyphers. 

It appears that on account of it being necessary to use live 
steam for the heating of this building and those adjacent, and 
the further fact that the factory power-house, 900 ft. away, 
probably has a full load, a separate boiler plant was installed 
adjoining the warehouse. This simply provided another means 
for supplying steam to the buildings to be heated. ; 

The fact that the liquid building had a poorly designed sys- 
tem with an inadequate boiler, of course gave an opportunity 
for a saving in connection with this plant. It goes to show that 
it is not always necessary to install independent boilers in a 
building requiring a little different treatment than the rest of a 
plant, even though this building be separated some distance from 
the main building. It proves that with proper design and in- 
stallation, results can be accomplished. 

The warehouse building is not a hard building to heat. The 
roof is low and of very good construction. The saw-teeth of 
course have considerable exposure in the skylights but the end 
walls and roofs of these saw-teeth are well constructed. It is 
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not necessary to maintain a very great difference in temperature 
between the floor and ceiling of this building and while the 
exposure is large in proportion to the volume, yet it is smaller 
in proportion to the floor area and space utilized than a building 
with a high roof. 

It is apparent from an analysis, that the great saving in con- 
nection with this heating plant was made by watching the oper- 
ation. In this particular case steam was made especially for 
heating, and the less used the less work the firemen would have 
in shoveling coal and ashes. The boiler room being adjacent 
to the warehouse gave an opportunity of frequent inspections of 
the system and adjustment to meet the heating requirements. 

The average requirements of a heating system are about one- 
half the maximum; consequently, if one-half of the heating sur- 
face is utilized, or if the steam pressure and vacuum are so 
arranged that only one-half of the steam is condensed, it is 
apparent that a great saving can be made. 

I believe that this paper is a good example of what can be 
accomplished by intelligent operation. If operating engineers 
would open up their minds a sufficient amount to accept a little 
information from experts in the various lines of business, they 
no doubt would receive valuable pointers on the operation of 
their own plant. 

There are two things necessary in order to have the satisfied 
customer: First, a heating system must ‘be designed and in- 
stalled properly. Second, it must be operated properly and I 
believe that a good operator is more important than a good 
system, but a good system is necessary in order to keep a good 
operator. 

As to the cost of operation per square foot of radiation, I 
am not in a position to judge, for the reason that it would 
seem as though the depreciation in connection with the old sys- 
tem was higher than it should be. If you depreciate the old 
plant $1,800, most of which I presume applies to the boiler 
plant supplying the steam, what is done with this amount of 
depreciation or what carries it, after the new plant is installed 
and which is depreciated $2,400 yearly? Possibly a little informa- 
tion on this point might help matters a little. 


J. A. Donnetty: In regard to Mr. Ritter’s suggestion that 
mechanical ventilation might help, it was figured when the sys- 
tem was installed that the allowance of one-half an air change 
per hour would allow a_ standard of 30 cu. ft. per person 
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per minute, for all the persons occupying the room. In view of 
the size of the room it was decided that this would be satis- 
factory, and that the natural leakage would afford sufficient 
ventilation. The number of doors is unusual and they are fairly 
leaky, and this affords sufficient ventilation, especially in cold 
weather. There is really no need for mechanical ventilation. 


F. K. Davis: I noticed one thing in the paper that brought 
to mind some of our discussion of the afternoon, on the cost 
of labor. It was stated that this usually equals the cost of 
coal. I notice that the labor charge on this job amounts to 
something less than $100 per month, slightly more than one- 
half the cost of the coal. That is one point that I should like 
cleared up. Was all the time of an engineer devoted to this, 
or was part of his time charged to some other portion of the 
operation costs? I should like to know how the labor cost was 
arrived at. 

M. WituiaM Euretuicu: The cost of operation as given by the 
author is interesting. The figure of 20.3 cents per square foot 
of radiation per year for a warehouse does not seem high. I 
have some similar figures which show that the average cost in 
loft buildings under New York conditions is 18 cents and in 
office buildings only 15 cents. These figures are given as in- 
formation for comparison. 


RatpH CoLtLtAMorE: I should like to talk a little on the topic 
of ventilation due to air change from natural leakage. If we 
understand the subject of ventilation correctly, this type of 
ventilation would be purely local, whereas. the technical system 
would distribute the air thoroughly and evenly. 

In my opinion, we are hardly prepared to acknowledge that a 
mechanical system of ventilation would not be much more effi- 
cient than a system that depended upon air leakage. 


Tue AvutHor: There is an overhead feed main running from 
the warehouse to:the liquid building and an underground return 
pipe, insulated by asbestos and laid in vitrified tile, back to the main 
return line. 


As to labor charges, there is sufficient other work about the 
plant to keep the fireman busy, and we charge only the time that 
he actually spends on this work. For instance, if he is at this 
building from 5:00 A. M. to 11:00 A. M., only that time is charged, 
the rest being charged to the factory boiler room or the shop. 
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There is a fixed charge for supervision, which is charged at so 
much per month for the entire heating plant. 

The system used is a two-pipe vacuum system, with differ- 
ential valves. 

Regarding ventilation, most of the people employed in this 
building are moving around all the time. It is not as though they 
were working at a table or bench all day. But in one room we 
are now considering the installation of a system of ventilation, to 
overcome some difficulties that are experienced there. 
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No. 401 


HEATING A CHICAGO OFFICE BUILDING 


By S. Morcan BusHneELt, Cuicaco, ILL. 


Member 


N the following description of the heating of a large office 
I building, an attempt has been made to give a practical illustra- 

tion of the heating requirements of a modern office building and 
to show in a general way the relation between theoretical calculations 
and the actual results under typical operating conditions. 

The building under consideration (see Fig. I) is located at the 
northeast corner of Clark and Adams Streets, Chicago, is 181 feet 
by 190 feet in area with a height of 260 feet, and above the fourth 
floor has a court 60 feet by 120 feet. 


The building was formerly occupied by the Continental & Com- 
mercial National Bank, but on the completion of their new structure 
at Adams and La Salle Streets, the bank moved out and the build- 
ing has since been occupied by the Commonwealth Edison Com- 
pany, the local company which supplies electricity throughout the 
city. 

The building was formerly equipped with plunger hydraulic 
elevators which were operated in connection with a steam plant 
which also provided steam for heating and for driving the 
electric generators that furnished light and power in the build- 
ing. About two years ago the dynamos and engines were re- 
moved and the plunger hydraulic elevators were replaced by 
one-to-one traction type electric elevators. The building now 
purchases electricity from the Commonwealth Edison Company 
and steam from the Illinois Maintenance Company, according to 
the regular printed contracts of these companies. This change in 
the method of operation has resulted in a substantial saving 
in the annual operating costs of the building. 


Presented at the Annual Meeting of Tux American Socigty or Hgatinc anp VEN- 
TILATING EnGingeers, New York, January, 1916. 
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The consumption of electricity is high for a building of this 












size due mainly to the fact that it is the headquarters of the 
Commonwealth Edison Company which uses light very lavishly 
both in its offices and in its show-rooms on the first floor. The 
steam requirements are also high due to the fact that steam is 


left on all night to accommodate some 


the em- 


ployees of the Edison Company, particularly the load despatch- 


er’s office. 


In accordance with the policy of a number of large Chicago 
office buildings, the building management has made a contract 
on the meter basis with the Illinois Maintenance Company to 
supply steam from the boiler plant in the basement in accordance 
with their regular price schedules. An arrangement is also 
made with the Illinois Maintenance Company to supply labor to 
take care of the plumbing, radiation and electrical apparatus up 
through the building, also for the maintenance of the elevator 


system. 


Steam is used simply for heating and hot water service in the 
building and accordingly the summer requirements are com- 


paratively small. During the past summer season, the weather 
was especially cool and steam was required for heating the 
building at times even in the summer months. 

The steam is measured by St. John meters, and the following 
table shows the requirements during the past year beginning 


with December, 1914: 


Cost. 
$3,481.38 
3,717.54 
2,925.90 
3,132.62 
1,423.62 
1,320.66 
430.79 
238.95 
257.40 
389.07 
1,103.94 
1,956.06 





Months. Lbs. of steam 
PN go, nee 2 ia 9,358,000 
DN, SD 59550 cue os bauvenanend 10,014,000 
0 Ree ere Te 7,815,000 
NES ga oryba won eis ocauh ewan 8,390,000 
EE iG bccn cv hsers tee ne apelened 3,642,000 
a” RENE ER, etree ane ae 3,356,000 
SS errr rer ree 897,000 
1 te 141,000 
CT <ovetdsns sess su aba wus 182,000 
I IED pe peccctctcceucvaes 794,000 
i ale bd oe ti, 2,754,000 
I EE 6 cndceseduannedees 5,121,000 

RS ot a aa a ad Gk eeE Skee Bad 53,064,000 


From the above it may be seen that the cost of steam service 
in the building amounts to about $20,100.00 per year, at an aver- 


$20,377.93 
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age price of a little over 38 cents per thousand pounds. This 
price is very low due to the fact that the heating company does 
not have any investment in boilers or steam pipe lines, the 
steam generating plant being furnished by the building, while 
the heating company simply furnishes the labor and supplies 
to operate the plant. Judging from the steam that is used 
during the summer months, it is assumed that the steam re- 
quirements for hot water service approximate 500,000 pounds 
per month. Deducting from the above total of 53,064,000 pounds 
6,000,000 pounds for hot water service, makes the net heating 
requirements of the building in round numbers 47,000,000 pounds 
of steam per year. 

It might be interesting to make a comparison between the 
theoretical steam requirements and the actual results. The build- 
ing is a modern steel and terra cotta building, having an outside 
wall exposure of 149,192 square feet, glass surface of 85,558 
square feet and a roof surface of 27,190 square feet. The formula 
used by the heating company is: 

SX 2 
— ——_— 
in which 

T = Number of tons of coal used per year. 

S = The equivalent glass surface in square feet. 

E = The factor of evaporation. 





In order to find the equivalent exposure in square feet of glass 
surface, to the total glass area add one-tenth of the net wall 
area, including the roof, allowing 10% additional for the north 
and west exposures. It has been found as a matter of experience 
that in this building an average evaporation of 5% pounds of 
steam per pound of coal is obtained. The equivalent glass ex- 
posure equals 107,031 square feet. Substituting these values 


' ; 107,031 * .2 
in the heating formula gives ————————_ 
SY 


or 3,£92 tons of coal per year. Taking our evaporation of 5% 
pounds per pound of coal, cach ton of coal would generate 11,000 
pounds of steam; therefore the theoretical heating requirements 
would be 3,892 11,000, or 43,812,000 pounds of steam per 
heating season. This figure assumes that the building is 
equipped simply with direct radiation. In this particular build- 
ing, there is an equivalent heating surface in the indirect system 
for the basement and lower floors of 4,000 square feet, assuming 
that the indirect radiation will require double the amount of 
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steam per square foot that the direct radiation requires. Taking 
one-half of 4,000 square feet times 783 pounds of steam per 
square foot per season, gives an additional 1,566,000 pounds. 
Adding this to the theoretical requirements in direct radiation, 
there is a total of 45,378,000 pounds per year. As compared with 
the actual results or 47,000,000 pounds during the past season, 
the consumption is a little over 314% above the theoretical re- 
quirements. This may be explained partly by the fact that the 
temperature during June and September, 1915, was below the 
average, requiring steam for heating at certain times, and also 
by the conditions above stated, viz.: the unusual steam require- 
ments at night. 

The installed radiation in the building is about an equivalent 
oi 60,000 square feet of direct radiation. Dividing this into 
47,000,000 pounds of steam, we have a consumption of 783 pounds 
of steam per season per square foot of radiation. This amount 
is a little higher than has been found customary in similar build- 
ings in Chicago. This may be explained by the fact that the 
radiation installed is slightly under the customary required 


6 
amount, viz.: 107,000 the equivalent glass surface X Fp cquals 


64,200 square feet. i 

The accompanying diagram (see Fig. 2) shows the general 
arrangement of the heating equipment in the building. It will 
be noted that the design is a one-pipe over-head or down-feed if 
system and it is operated with the Patil vacuum system and 
Johnson thermostatic type of heat regulation. The heating 
throughout the building is done by means of live steam, the 
steam being furnished from the boilers at a pressure of 90 
pounds and expanded through a 12-inch reducing valve into a 
tank at a pressure slightly above atmosphere depending upon the 
temperature. As shown in the illustration, the steam for the 
upper floors is carried through an 18-inch riser to the roof where 
distributing lines connect with branch risers leading to the 
basement return headers. The heating of the first floor is sup- 
plied by a separate pipe feeding from the expansion tank. There 
is also a separate supply leading to the heating coils of the indi- 
rect heating system. The Paul air valve lines are carried from 
the different radiators alongside the risers to the basement 
where they enter a manifold connected with the suction of the 
vacuum pumps. The bottoms of the various risers are con- 
nected to basement return headers which carry the return water 
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of condensation back to the heaters, whence it is pumped back 
to the boilers. 

The St. John meters are installed where the main steam line 
leaves the boiler header and there are two 6-inch meters in 
multiple for the maximum load. Thus far one meter has been 
found sufficient, even in cold weather, and the valve to the other 
meter is closed. The system operates under average conditions 
with 18 inches of vacuum. 

There are about 78 secondary steam risers, each riser having 
a diameter of 3 inches at the upper floors and 2 inches at the 
basement. The thermostats are placed at suitable points in the 
different rooms, it being the endeavor to locate them at points 
in the room where the average conditions of heat prevail. The 
radiators are all located at the windows with a view to mini- 
mizing changes in radiation when partitions are removed. 

The air pressure for the Johnson system is supplied by two 3- 
horsepower motors which consume about 27 kilowatt hours per 
day. The air pressure used is about 15 pounds per square inch. 

Inasmuch as some buildings provide the steam heating from a 
plant which also furnishes electric light and power, the itemized 
costs of central station electrical service in connection with the 
miscellaneous supplies required in the building are also given 
in order to show the relation between the different items and 
to make easier a comparison with other buildings. 

The figures on the electrical consumption cover the same period 
as those given above for the steam consumption and are as 
follows: 

K.W. Hours 


Oe ee a ae 84,640 
DET, TORO 6 se cccseneevewases 84,890 
PEG SEE: ei catcseasnereses 109,480 
BE ND og 5 5.96 a 9.04 9.5 Reeve 127,000 
BE CEO. Sckcrcissdcaseacd ees 129,510 
OE ere rere 126,200 
Eh : cdeebasekaussccennes 126,310 
Beep een are peer ye 126,860 
ETE 138,850 
|) ee eer ers 170,055 
Crpmee.. BORG: ask nok cab cee 157,205 
Peet, FS0S ook i hick cc sases 218,926 


BE bsp oa wih awen sbi ekenees 1,599,946 
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FIG. 2. DIAGRAM OF BUILDING SHOWING ARRANGEMENT OF HEATING 
EQUIPMENT. 
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The total consumption for the year for elevators was 390,610 
K.W. hours; for miscellaneous power 208,250 K.W. hours; for 
corridors and public lighting 128,190 K.W. hours; for tenants 
including the electricity used by the Edison Company 872,896 
K.W. hours. The rate earned by the building under the light- 
ing company’s wholesale schedules is less than 2c per K.W. hour, 
making the total cost of electricity for 1,600,000 K.W. hours 
about $32,000.00. 

Inasmuch as the largest tenant is the Edison Company, the 
building does not derive any profit from retailing electricity for 
a large portion of the space. If ali the electricity used by tenants 
were sold by the building, as is the case in a number of other 
buildings, at an average of 5 or 6 cents per K.W. hour, the income 
from the tenants would more than pay for the entire cost of the 
electricity for the building. The comparatively low consumption 
of electricity during the first months of the year was due to the 
fact that several floors of the building were being remodeled for 
the use of the various departments of the Edison Company which 
moved in during the year. 

In addition to the cost for steam and electricity, the building 
pays the Illinois Maintenance Company approximately $4,000.00 
per year for the care of fans, radiation, plumbing and elevators 
throughout the building. It also pays $3,300.00 per year for two 
electricians employed in the building. The building has the fol- 
lowing expenses for supplies: 


Electrical supplies .............. $ 474.00 
Edevator GUMITIES 20. ccccceccssce 1,038.00 
Heating supplies ............... 493.00 
Summarizing the above, we have as follows: 
i. MP PePeeeTeTTTTeLe LETT TL TT Tee $32,000.00 
NO ol a eee a ot A 2 onde a eC phe a Ae 20,377.93 
Additional labor furnished by heating company...... 4,000.00 
PE ocr cncacnverdscpnseesosssesesevenesass« 3,300.00 
Electrical supplies .........ccccscccccccccccvssecees 474.00 
Elevator supplies .........cccccceccccccccsevecscess 1,038.00 
Heating supplies ........ccccccccccccccvccccssccess 493.00 
I sg Bars OS ek 0 dk SEAR PER ETRE EE CORR $61,682.93 


In round numbers, therefore, the cost of heating and furnishing 
the electrical requirements of this building which as seen from 
the above are unusually heavy, amounts to about $62,000.00 per 
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year. Three years ago, the cost of operating the building from 
a private plant with hydraulic elevators, including fixed charges 
on the investment for dynamos and engines, was about $75,000.00 
and the electrical requirements amounted to about 1,300,000 K.W. 
hours per year, low efficiency lamps being used at that time. 
Comparing the cost of steam therefore with the total cost of 
operating a complete plant, we see that the ratio of the heating 
cost to the total is about the same as one to three and one-half. 

In a paper read before the association last September by Mr. 
James A. Donnelly, an interesting table was given for the trans- 
mission of heat at various temperatures from cast iron radiators. 
Where the steam temperature is 210 degrees, the transmission 
is given at 250.B.t.u. per hour per square foot of radiation. 
The ordinary heating season in Chicago is 243 days. The average 


period during which steam is on the radiators of an office build- 
ing will run about 12 hours per day. If in this particular build- 


ing we assume a little higher average, perhaps 13 hours per day, 
there will be 3,159 hours during the heating season; 250 B.t.u. 
per square foot per hour, times 3,159 hours gives 790,000 B.t.u. 
per square foot of radiation. Assuming about 1,000 B.t.u. for 
each pound of steam gives 790 pounds of steam per square foot 
of radiation. Multiplying this by the total of 60,000 square feet, 
gives 47,400,000 pounds as the amount of steam which would be 
used during the season. This is a little higher than the actual 
consumption of steam in the radiators. The maximum steam 
consumption during the winter in any hour as shown by the 
meter charts was 17,800 pounds per hour. This at 30 pounds of 
steam per boiler horse power would be the equivalent of approxi- 
mately 600 horse power. A comparison with the total square 
feet of radiation gives a ratio of one horse power in boiler 
capacity used to each 100 square feet of radiation. . 

The question frequently arises as to whether it is possible by 
making a test on the heating requirements of a building during 
two or three days, to approximate the heating requirements dur- 
ing the entire heating season. About the middle of November 
1915, the daily mean temperature for about a week averaged be- 
tween 38 and 40 degrees. If the heating season in Chicago is i] 
taken as beginning October Ist and ending May 3lst, or 
a period of 243 days, the average temperature during that time is 
39 degrees. It would therefore be interesting to find out whether 
the consumption of steam during these days (which happened to 
have average temperatures for the season) corresponds with the 
average for the heating season. Deducting the steam consump- 
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tion during the four months of summer, there is an actual con- 
sumption for the heating season of 50,450,000 pounds. During 
this week in November, while the average temperature was about 
39 degrees, the meter showed about the same consumption each 
day, viz.: 210,000 pounds. Multiplying 210,000 pounds by 243, the 
number of days in the heating season, gives a total of 51,030,000 
pounds. This checks very closely with the actual consumption 
of 50,450,000 pounds, and would tend to indicate that where the 
temperature is approximately stationary for several days, a fair 
idea of the heating requirements for the season can be obtained 
from a short test. This probably would not prove true if the 
temperature should vary greatly from day to day as there is a 
certain lag between the steam requirements of a building and the 
outside temperature. 

In making estimates based on such tests, it of course should 
always be borne in mind that the steam requirements are not pro- 
portional to the variation in outside temperature but to the dif- 
ference in degrees between the indoor temperature and the out- 
side temperature. 

It is very interesting to check the various theoretical formulas 
which have been proposed, with actual conditions in the heating 
of buildings. The empirical formula which is used in Chicago 
for estimating the heating requirements of large buildings not 
only is based on experience from heating a large number of build- 
ings, but also has been deduced by taking certain values in the 
general formula for heating, which is based on the amount of heat 
radiating surface on the outside of a building and the rate at 
which the air is changed in the building through ventilation and 
leakage. There is perhaps no line of endeavor in which it is more 
necessary that theory and experience walk side by side than in 
the subject of heating and ventilation. In view of the fact that 
fairly satisfactory and dependable instruments can now be ob- 
tained for measuring the quantity of steam and the pressure which 
is maintained, a large amount of information should be collected 
as to the heating requirements in various classes of buildings. 

In conclusion, the suggestion is offered that it might be advis- 
able to have a committee formulate rules in regard to the keep- 
ing of this class of data so that accurate information regarding 
a great many buildings may be obtained along the lines indicated 
by the “Questionaire” recently sent out by this society. 
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DISCUSSION 


W. H. Driscott: I have a few points which I think I can 
best present in the form of questions I will ask Mr. Bushnell: 

1. I note that the evaporation is given at 5% lb. per pound 
of coal. That seems low. What kind of coal was used? 


2. There is a statement made in the paper that I do not 
quite understand. It is stated that there is an equivalent heat- 
ing surface in the indirect system of 4,000 sq. ft.; assuming that 
the indirect radiation will require double the amount of steam 
per sq. ft. that the direct radiation requires, you take 783 and 
multiply it by 2,000. I cannot quite follow your reasons for 
this. 


3. In the paper, it is stated that the system operates under 
average conditions with 18 in. of vacuum. This is a one- 
pipe system with temperature control; I would like to ask in 
the first place what advantage is gained in operating under a 
vacuum? Do you have any trouble from condensation being 
held in the radiators? I ask this because I have personally had 
a similar experience in New York where a one-pipe job was 
used, but there the branches were long and we had a great 
deal of trouble in getting rid of condensation. We finally had 
to change the system to a two-pipe, using traps on the return 
end of each radiator, and used the air line for the return lines. 
Mr. Bushnell makes no mention of such trouble and I thought 
perhaps he had some condition that had not occurred to me 
that enables him to overcome anything of this nature. 


4. In mentioning Mr. Donnelly’s paper, there is a statement of 
the amount of steam used. It seems to me that, considering the 
calculations given, even though we allow an average heating season 
of 243 days and an average operation of 13 hours per day, the steam 
consumption is extraordinarily high, and particularly in view of the 
fact that temperature control is in operation on the job. It seems 
to me that the steam consumption is larger than it should be, and 
that the statement should be revised to more nearly meet the 
actual result which is being obtained. 

A. M. FetpMan: How many cubic feet are there in the build- 
ing and what kind of pumps are used? 

W. S. Timmis: Will Mr. Bushnell explain how the formula is 

S X 0.2 
divided. It is stated that, T = aa but it is not exactly 


clear? 
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D. M. Quay: I was going to ask about the 18 in. of 
vacuum, but Mr. Driscoll has already mentioned that, so it will 
probably be answered. It is conceded, I think, that 2 in. is 
sufficient vacuum at a radiator, and the amount of vacuum at 
the pump is governed by the friction loss, etc., from the pump 
to the radiator. There is something wrong with the system if 
it is necessary to carry 18 in. at the pump that 2 in. 
may be obtained at the radiators. I should like to know why 
this high degree of vacuum is required. 


J. J. Brackmore: Mr. Driscoll asked about Mr. Donnelly’s 
table of transmission of heat, which Mr. Bushnell mentions 
in his paper. I do not think Mr. Bushnell does himself justice 
in using this calculation in his paper, for Mr. Donnelly bases these 
figures on 70 deg. inside and 0 deg. outside. 

The average temperature in Chicago is higher than zero, and 
therefore if the calculations were made in accordance with Mr. 
Donnelly’s figures, the consumption of steam would have been 
less. I also think that 13 hours for the radiators to be operated 
is high. If the time was cut down and the transmission figure 
based on the average temperature for the winter, it would only 
be about two-thirds of the 250 B.t.u. given per hour in Mr. 
Donnelly’s table. 


F. K. Davis: I should like to ask Mr. Bushnell whether 
in figuring the radiating surface he took into consideration 
risers and supply pipes, and figured them on a basis of 250 
B.t.u. Are they figured in the amount of steam used? 


THe Avutuor: I think I have all the questions now and will 
try to answer them in their order: 

1. The pounds of evaporation given as 5% does sound low 
but it should be remembered that this is the average for the 
year and furthermore that it is the actual pounds of steam 
delivered through the meter, as compared with the pounds of coal 
actually fired. This of course is different from the technical 
factor of evaporation from and at 212 degrees. During the 
past month the pounds of steam per pound of coal ran as high 
as 6.76 but last summer we had to contend with an evaporation 
of only 3 lb. of steam per pound of coal. We were operat- 
ing with large sized boilers. Our smallest boiler was 350 
h.p., while the maximum load was less than 100 horsepower 
which naturally brought down the evaporation. Another thing 
to be borne in mind is that the company makes a special effort 
to deliver constant service. There is always a question as to 
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whether to get the highest possible efficiency or to provide 
constant service. A great deal.of the time we have a boiler in 
bank ready to be put in service, because we do not wish to 
take any chances on even a tempogary shortage of steam. 

2. In regard to the radiation, would say that there are two 
thousand square feet of indirect radiation which we assumed 
was equivalent to four thousand square feet of direct radia- 
tion. Accordingly the actual equivalent of direct radiation would 
be two thousand square feet more than the theoretically required 
direct radiation. Inasmuch as the formula is based on heating 
with ordinary direct radiation and inasmuch as the actual con- 
dition given us for heating requirements is the equivalent of 
two thousand square feet of direct radiation additional, in fig- 
uring out the steam consumption from the formula we would 
have to add 2,000 times 783 Ib. of steam or 1,566,000 Ib. 

3. Referring to the question, regarding the use of the vacuum 
system would say that I feel there are other men here more 
competent to discuss the relative merits of vacuum systems. 
This system was installed by a well known firm of architects 
D. H. Burnham & Co., who probably were well satisfied that they 
had good reasons for installing it. As far as actual operation is 
concerned it works very satisfactorily. The day before I left Chi- 
cago, we had zero weather with only one heat complaint in the 
building. The amount of vacuum is of course more than is ordinarily 
necessary, but this same pump is used in providing vacuum for 
several buildings in the block which are some distance away and the 
natural result is a higher vacuum than is necessary on our own 
building. This matter is easily adjusted, however, but cutting 
down the steam pressure to atmosphere or a little below. As to 
having any trouble with getting rid of the condensation would say 
there has been absolutely no trouble in this regard. It should be 
noted that this system is a “Mills” system in which the steam 
is first carried to the top of the building so that the returns 
travel downward through the risers in the same direction as 
the steam. 

4, Regarding the comparison with Mr. Donnelly’s paper 
would say that these figures are perhaps open to question. At 
the same time, they correspond fairly well with two other large 
huildings in which the average consumption worked out as 12 
hours per day. As already explained, the use of steam in the 
Edison Building has been somewhat excessive and therefore 
13 hours is not surprising. It should be understood that dur- 
ing most of the heating season steam is kept on the building 
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24 hours a day, the 13 hours being simply taken as the average 
use of all the radiation. In some offices, windows are kept 
open directly above the radiators. This of course increases the 
amount of heat transmitted by those radiators. 

Referring to Mr. Blackmore’s question would say that the 
unit rate of transmission from the radiators is determined not 
by the outside temperature but by the temperature inside the 
room. In a building equipped with thermostatic control, if the 
temperature inside the room is 70 deg., approximately the same 
amount of steam is being condensed in the radiators per unit of 
surface and time during which steam is admitted to the radia- 
tors, whether the outside temperature is at zero or at the freez- 
ing point, unless the steam pressure is increased or decreased. 
As to my assumption of the 13 hours being high, would say 
that inasmuch as we have used a certain amount of steam, we 
could not cut down the B.t.u.’s given out per square foot of 
radiation, without increasing the number of hours still more; in 
other words, if Mr. Donnelly’s figures on B.t.u. per square foot 
of radiation with the surrounding air at 70 deg. and the steam 
at atmospheric pressure are correct, then the average use of 
steam in all the radiators must be 13 hours per day. 

Referring to Mr. Feldman’s question, would say that the 
cubical contents of the building, exclusive of the basement are 
about 7,000,000 cu. ft. The pumping requirements of the 
building are comparatively small as the elevators are run by 
electricity. ‘The two boiler feed pumps, the two vacuum pumps 
and two of the house pumps are operated by steam. The bal- 
ance of the pumps, including one house pump, four air com- 
pressors and one vacuum cleaner are operated by electricity. 

In regard to the question as to whether radiating surface 
includes the risers and supply piping, would say in this build- 
ing the risers are all covered with heat insulation and the 
heating surface simply refers to the actual installed radiation. 

Regarding the derivation of the formula for figuring heat- 
ing requirements, would state that this is rather too lengthy 
to go into at this time, and that this formula is explained in 
detail in a book gotten out by Mr. Orr and myself, entitled, 
“District Heating,” and is also explained briefly on page 791, 
Volume II, of the proceedings of the National Electric Light 
\ssociation for June, 1909. 
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THE COST OF OPERATING HEATING PLANTS 


By Geo. W. Martin, New York, N. Y. 
Member 


HE data given in this paper are from the operating records 
T of a number of heating plants in New York City, the period 
covered being approximately the last five years. 

Since the organization of the company, which the writer repre- 
sents, the policy has been largely to effect economies by the installa- 
tion of apparatus to burn No. 3 Buckwheat, which is bought in 
wholesale quantities and costs, delivered in the bunker, between 
$2.35 and $2.50 a net ton. The coal is from the Scranton district 
of the Pennsylvania anthracite region and runs from 12,300 to 
12,900 B.t.u. and from 16 to 13 per cent. of ash. It should be stated 
at the outset that a poor grade of No. 3 Buckwheat has no advan- 
tage over a better grade of No. 1 or No. 2 Buckwheat, so that, un- 
less a good quality of coal can be assured, it is useless to attempt 
economies by burning the smallest size of anthracite, even when it 
is mixed with soft coal. 

In most of the cases discussed in this paper, the boiler grates 
were originally installed for burning No. 1 Buckwheat with natural 
draft. The change in the setting for burning No. 3 Buckwheat 
involved the building of a hollow bridge-wall with a cast iron air- 
box and damper set in the front of the wall at the back of the 
ash-pit. A motor-driven blower is set outside the boiler at one end 
of the bridge-wall, a hand-controlled rheostat being used to vary 
the speed of the blower-motor. The grates installed are of the 
dumping type and contain about 10 per cent. of air space. The 
cost of the installation of grates, motor-driven blower, rheostat, 
and rebuilding the bridge-wall, will average $3.00 per boiler horse- 
power. 


Presented at the Annual Meeting of Tue American Soctery or Hgating anp 
VENTILATING Enotngeers, New York, January, 1916. 
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COST OF STEAM GENERATION 


While the results obtained in a number of plants showed a lower 
cost of steam generation, with the use of a good quality of No. 3 
Buckwheat, the writer had not until this past year made compara- 
tive tests on the different grades of anthracite marketed in New 
York City. In the summer of 1915, tests were made on a 150 
horsepower return tubular boiler and showed that for that particular 
plant, at least, No. 3 Buckwheat gave the lowest cost of steam gen- 
eration per 1,000 Ibs. 


The feed water was measured by a Worthington piston-type 
water meter, the steam output being measured by a General Elec- 
tric steam-flow meter, while a St. John meter measured the steam 
for operating the boiler feed pump. 

The boiler tested was in service for supplying steam for indus- 
trial purposes and during all the tests operated much under rating. 
The usual method of boiler testing was followed. The coal was 
weighed back each hour to obtain the hourly evaporation, the quality 
of steam was determined by calorimeter, and the flue gases analyzed 
at frequent intervals, the latter being of great assistance in deter- 
mining the correct position of the flue damper. 

In the use of forced draft, it is the writer’s experience that 
the best results are obtained by keeping the draft balanced, that is, 
for any blower speed or air pressure in the ash-pit, the damper is 
opened just enough to carry the gases away from the furnace and 
through the boiler. A good method for the fireman, without re- 
sorting to the Orsat, is to hold a cloth in front of the open fire door, 
the cloth being just gently drawn inward if the damper setting is 
correct. 


The use of such a system of controlled combustion is that air 
leakage into the boiler is largely eliminated since the draft over 
the fire is much reduced and much less air is drawn in through 
the setting.. 

Table I gives a summary of the results obtained in the tests, the 
important items being shown in the last two lines, i.e., the compara- 
tive cost of fuel for generating 1,000 lbs. of steam. 

In connection with the plant on which the foregoing tests were 
made, extensive observations were carried on over a year’s period 
to determine the cost of generating industrial steam during the 
summer and winter months. During the heating season, the steam 
generated is used for both building heating and industrial heating, 
while in summer the steam is used for industrial work only. 
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A clause in the contract between the building owners and the 
operating company specified that all industrial steam in excess of an 
average daily consumption of 24,500 lbs. should be paid for at cost 
of generation plus 5 per cent. Soon after the operating company 
took over the plant it was found that apparently the industrial 
steam used was much in excess of the amount specified. The 
installation of a steam meter confirmed the suspicion. 

Investigation by the building owner’s consulting engineer brought 
out the fact that the tenants were using more steam than he had 


TABLE 1—RESULTS OF COMPARATIVE COAL TESTS 
Soft 
No. 3 No.2 No.1 Pea & No.3 
Bekwht Bckwht Bckwht Coal Bckwht 


Moisture in coal as received.... 6.9 8.0 4.8 3.4 8.3 
Volatile per Ib. dry coal..... 7.9 9.3 re re 12.6 
Peed Camano. ss ccskesiccwisss 76.9 7o.8 75.9 74.2 .° 154 
PO a ag is 5 Gone Y dechamaisia volseal a 15.4 15.4 16.9 18.7 12.0 
WN ee the Feist dass a wand ba edness 12423 12080 12140 11961 12944 


ee eee 24hrs. 24hrs. 24hrs. 24hrs. 24hrs. 
Total dry coal consumed, Ibs... 4800 5514 5171 5531 4400 
Per cent. ash and refuse........ 18.6 17.1 17.0 16.8 14.3 

Total water fed to boiler, lbs... 42988 | 46275 46335 51395 45045 
Factor of evaporation ......... 1.08 1.074 1.077 1.083 1.076 


Equivalent water from and at 


ES SIS RES ioe 46427 49699 49903 55712 48468 
Horsepower developed ........ 56.1 60.0 60.3 67 58.5 
WE. cs. cca Sede noe 150 150 150 150 150 
Per cent. of builders’ rating de- 

ME = Cutacsetoecougece d 37.4 40 40 44.8 39 
Efficiency of boiler and grate.. 75.6 72.3 77.1 84.8 82.5 
Cost of coal per net ton...... $2.22 $3.15 $3.65 $4.40 $3.15 
Fuel cost of 1000 lbs. steam, 

Sa EE Dy Re ar sree 13.25 20.4 21.4 23.5 16.8 
Fuel cost from and at 212°..... 12.26 19.0 19. 21.7 15.6 


estimated. The opportunity for a tenant to use more steam than 
he was entitled to was evident from the provisions of the leases. 
The largest consumer was allowed 30 horsepower, but his piping 
connections were found to be four 3¢-inch; five 4-inch; four 1-inch, 
and two 1%-inch. While, doubtless, his original connection per- 
mitted a delivery of little more than 30 horsepower, it was found 
that other connections had been made as his business extended. In 
other cases, a single outlet of a certain size had been specified, 
but the connections had been extended later to additional apparatus. 

To determine the cost of the industrial steam generated, a steam 
meter was placed on the line supplying all the industrial steam. 
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The various cost items of coal, labor, ash removal, current for 
blower, make-up water, and upkeep were totaled each month and 
divided by the steam consumption for that month. 

In the summer months, when no steam was used for building 
heating, the total amount of each cost item was charged to the cost 
of industrial steam generation. During the heating season, however, 
as the same boilers generated steam for both industrial and build- 
ing heating, the total of each item was apportioned between the 
two services in the following manner: 

Referring to Table 2, Col. 2 gives the pounds of industrial 
steam as measured by meter. Assuming an evaporation of 8 lbs., 
Col. 3 is obtained by dividing Col. 2 by 8 and reducing the result 
to net tons. Col. 4 is the total coal consumed during the month 
for both building heating and industrial steam. Column 5 is ob- 
tained by dividing Col. 3 by Col. 4 and represents the industrial coal 
in percentage of the total coal. 

Column 7 is the cost of the industrial coal at the price per ton 
given in Col. 6. Columns 8, 9 and 10 are obtained by multiplying 
the totals of those items for both heating and industrial service by 
the percentage given in Col. 5. Column 11 is an average cost ex- 
tending over a year, the entire make-up being needed for the waste 
of industrial steam. Column 12 is an estimated figure based on a 
year’s costs. Column 14 is obtained by dividing the total cost in 
Col. 13 by the industrial steam given in Col. 2. In Col. 16 is 
given the excess steam for the month, obtained by multiplying the 
specified limit per day of 24,500 lbs. by the number of days in the 
month. . 

During the summer months, or when no steam is used for build- 
ing heating, the entire cost of steam generation is charged to indus- 
trial steam. The labor cost during this period is, of course, very 
large, as three firemen on eight-hour shifts are required since the 
demand is continuous for twenty-four hours and nearly every day 
in the year. In some plants, during the summer, the firemen might 
be employed at some other work in addition to looking after the 
boilers, but this is not possible in the plant in question. 

A comparison of the cost of steam generation in a number of 
plants is given in Table 3. These figures were originally given 
by the writer in a report of the. Station Operating Committee of 
The National District Heating Association, but they have been 
partially revised and extended in two cases to include operation 
during the whole season. 

All the plants are largely for heating, hence the load is subject 
to all the vagaries of the weather. The low evaporation in some 
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of the cases is due to the extremely variable loads of the fall and 
spring with the attendant standby losses. For plants that are 
operated only a part of the year, it is impossible to maintain an 
efficient labor force and hence the economy suffers. 

However, a high cost of 1,000 Ibs. of steam generated does not 
always mean a high total cost for the season, for the total steam 
generated may be low due to proper attention to the actual demands 


TABLE 3—COMPARISON OF COSTS OF STEAM GENERATION IN 
SEVERAL PLANTS 


Number of building .. 1 2 3 4 5 6 
Number of days ...... 15 365 5 4 46 227 
Steam generated, 1000 

| SE Oe eee 1611 29039 485 124 10310 47401 
Tons of coal, gross.... 117 1782 30.3 Na 783 3337 
Rate of evaporation .. 6.15 7.2 7.13 4.94 5.89 6.34 
Avg. outside temp. .... 30.7 39.6 37.0 34.8 40.9 

Cost per 1000 Ibs. of steam— 

_ | A ene $0.191 $0.163 $0.165 90.238 $0.203 $0.193 
RR rk oats ruriainnteda .049 .093 .079 251 .052 .063 
Ash removal .......... .010 .009 .009 .021 .008 .008 
Make-up water ....... .005 .007 .001 


Electric current, blower. .014 .005 .007 .021 .008 .006 


Electric current, feed 





ee eee .007 
DIY ov niaceciseces .004 O11 .006 .002 .004 .006 
Repairs and misc....... 004 .004 .002 .001 .003 .002 

| ere $0.272 $0.290 $0.275 $0.534 $0.285 0.279 
Fixed charge in invest- 

| Sa .029 054 .054 .084 044 .033 





Total cost per 1000 
A RE Re $0.301 $0.344 0.329 90.618 9.329 $0.312 


of the building and hence the total cost for the season is kept at 
a low figure. 


In several instances where the results cover a short period, 
the apparatus for weighing coal and water had but recently been 
installed. Such tests do not, of course, represent the performance 
throughout the year, but do convey an idea of the possible economy. 
In all the plants No. 3 Buckwheat coal, delivered at $2.50 a ton, is 
burned with a balanced draft. 

No. 1 is a 25-story office building, covering a plot of about 9,000 
sq. ft. The boiler plant, consisting of two Heine water-tube boilers 
operated at 70 Ib. pressure, supplies steam for cooking, heating 
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and hot-water service. The plant is shut down during the summer 
and the steam for cooking purchased. 

No. 2 is a large 12-story loft building containing about 4,000,000 
cu. ft. Steam is used for manufacturing in large amounts through- 
out the year, 24 hrs. a day. The boiler plant is made up of three 
fire-tube units. 

No. 3 is a new office building 25 stories high, with a volume of 
about 6,500,000 cu. ft. The equipment for heating and hot-water 
service consists of two Erie City water-tube boilers, operated at 
30 Ib. pressure. The boiler-feed vacuum and sump pumps are 
operated by electric motors. The boilers are shut down during the 
non-heating season and hot water is supplied by a small heater. 

No. 4 is a loft building in the old commercial section of New 
York. This building has only recently had supervisory service. 
The figures show extravagance in the labor costs and the use of 
forced draft in burning the coal. This case illustrates the too fre- 
quent condition where continuity of service is the only consideration 
given the power plant. 

No. 5 is a large department store of about 15,000,000 cu. ft. 
contents. Four B. & W. water-tube boilers supply steam for cook- 
ing, refrigeration, operation of a cash-tube system, hot water and 
heating. 

No. 6 receives steam from a boiler plant 750 ft. distant. The 
plant is operated (only when heating is required) by three B. & W. 
units at 100 lb. pressure. The boiler-feed water comes from a 
heater at a temperature well over 200 deg. F. The load conditions 
and the general design for this plant permit fairly satisfactory 
operation, as may be seen from the costs. 

Figure 2 shows the costs of steam generation for building No. 6 
for various amounts of steam generated. The customer is billed 
on the basis of readings of a meter in the building. The full line 
in Fig. 2 shows the costs based on those meter readings, while the 
broken line shows the costs based on meter readings in the boiler 
plant. The difference represents the loss due to condensation in the 
line. 

COST OF HEATING BUILDINGS 


Having discussed the cost of steam generation in various types 
of buildings, the paper will now deal with the cost of building heat- 
ing as a whole. Formule for estimating the amount of coal for 
heating buildings have been in use for several years, central station 
engineers probably being the first to derive the formule for this 
purpose. The writer has used two of these formule, i.e., that of 
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FIG. 2. COST OF STEAM GENERATION FOR BUILDING NO. 6 
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E. F. Tweedy of the New York Edison Company, and that of D. S. 
Boyden of the Edison Illuminating Co. of Boston. Mr. Tweedy’s 
formula employs the glass and wall surface, giving a value which 
is applied as an abscissa to a curve plotted from the results obtained 
on a number of buildings in New York City. The corresponding 
ordinate gives the tons of coal per heating season. In the Tweedy 


formula . W is the net wall surface and Gis the glass 
4.5 surface. 


Mr. Boyden’s formula has been given in a paper before this 
Society, but for convenience in comparison, it is here reproduced. 
The formula is somewhat complicated, but, in the writer’s opinion, 
it has the advantage that it takes into consideration a difference in 
the operating conditions in the different buildings. Experience is 
necessary in the use of this formula, however, as serious errors 
are likely to affect the variables to such an extent that the calcu- 
lated result will be far from correct. The formula follows: 





V 
+x + (C, xX G) + (C, x W) 
Tons of coal per year = C, X (130 — T) 
34 
X LX dX bh XTX 2000 


Where: 

V = gross volume of the building, including basement, if heated. 

G = square feet of glass surface, 10% being added for north 
and west exposures. 

W = square feet of wall surface, 10% being added for north 
and west exposures. 

a = average air changes per hour during heating period. 

C, = constant for glass —1 for single glass. 

C, = constant for wall, usually, .2 for brick and .3 for stone. 

C, = constant for local conditions — 5.4 for Boston; 5.7 for New 
York. 

T = factor dependent upon the relation the heating plant bears 
to the premises heated. 

L= factor for portion of building not heated, or for building 
heated to 70 degrees F. 

e = average evaporation in pounds of steam per yount of coal. 

d = number of heating days during season. 

h = average number of hours of heating per day. 


Under normal operating conditions, when steam is on the heat- 
ing system for from 3,200 to 3,500 hours during the heating sea- 
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son of 7 months, the two formule agree fairly ‘well with the actual 
results, as shown in the case of three buildings, as follows: 


Building No. 1 No. 2 No. 3 
Tweedy formula ............ 625 380 1500 
Boyden formula ............ 650 469 1545 
Actual coal, net tons ........ 655 486 1572 


While the three amounts agree closely in the case of buildings 
Nos. 1 and 3, for building No. 2 the result by the Tweedy formula 
is much below the actual, probably due to the fact that much heat 
was wasted through leaky windows, increasing the amount of air 
change per hour. 

Among those in charge of building operation for the United 
States Government, the practice is followed of assuming the con- 
densation of 500 Ibs. of steam per square foot of radiating surface 
per season. The writer believes this to be a safe figure, as in 
the case of the three buildings cited, the condensation approximated 
400 Ibs., 430 lbs., and 420 Ibs. per square foot per season, respec- 
tively, assuming an evaporation of 7 lbs. in each case. 

The writer’s method of estimating the coal requirements for heat- 
ing a building is to employ the Tweedy formula and check with 
the Boyden formula and the Government method. A comparison 
of the results with the known requirements of a similar building 
completes the process. 

While the amount of coal required depends largely on the amount 
of exposed wall and glass surface, yet the writer has found that the 
total cost of operation bears a fairly well defined relation to the 
volume of the building. 

From the results obtained over the past five years a curve, shown 
in Fig. 3 has been plotted showing the cost of operation in 
dollars per 1,000 cubic feet of gross volume. The costs include 
fuel, labor, ash removal, make-up water, supplies and repairs. The 
coal used was No. 3 Buckwheat at $2.50 per ton. This curve is 
not to be used as an absolute method of determining heating costs, 
but is rather intended as an approximation to give the consulting 
engineer some idea of the operating cost of a system which he de- 
signs. The buildings from which the results were obtained are all 
largely on direct systems, the buildings of 6,500,000 and 15,000,000 
cubic feet having vacuum returns. 
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DISCUSSION 


W. S. Timmis: We are indebted to Mr. Martin for this work, 
ior it offers data that we all need. In looking over Table 1, I 
notice that the fuel cost of 1,000 lb. of steam using No. 3 
buckwheat is reduced to 13.25 cents as against 20.4 cents for 
No. 2, and 21.4 cents for No. 1. 

In Table 3, I notice that he has given the results of these 
tests on six buildings, but only two are given for any length 
of time; one 365 days and the other 277 days. In these, the 
rate of evaporation is given as 7.3 and 6.34, respectively. This 
appears to check up with Mr. Bushnell’s and I presume the 
requirements are much the same. 

In the paper, where the description of the building is given, 
it is noted that the cubical contents are not given, nor is the 
exposure given in any case in either wall or glass. If these 
were given, many valuable deductions could be made. 

The formula of Mr. Tweedy that is presented is somewhat 
obscure. The other formula seems to give valuable informa- 
tion. I think we should have a committee appointed to consider 
these and other formulas that are presented from time to time. 

It is shown clearly that the average temperature of the heat- 
ing period in Chicago is between 39 and 40 deg., and the 
difference between that and 70 deg. would work into a very 
simple formula. I think this would compare favorably with the 
results in this paper. I trust that we shall be able to get the 
missing information from Mr. Martin, so that we can have actual 
costs in these plants. 

A formula for the coal requirements for a heating system. per 
season might be worked out upon the following basis: 


Take the sum of the heat losses from all exposed surfaces, 
such as walls, windows, roof, leakage and air change and divide 
by the average B.t.u. per ton of coal delivered as steam. 

Let A = cubical contents * 0.02 & number of air chan zes per 

hour. 
W = sq. ft. wall surface. 
G = sq. ft. glass surface. 
R= sq. ft. roof surface. 
K = constant for wall. 
IL. = constant for glass. 
M = constant for roof. 
H = number of heating hours per season. 
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D = average seasonal temperature difference between out- 
side and inside temperatures, usually 70 deg. — 40 
deg.. = 30 deg. 

Z = B.t.u. per ton of coal delivered as steam under av- 
erage conditions, average evaporation 6 lb. water 
per lb. of coal = 6 X 2,000 K 1000° = 12,000,000 
B.t.u. per ton. 

C = tons of coal (2,000 Ib.) per season. 
Then the amount of coal per season in tons can be approximated 
as follows: 
_ (WK+GL+4RM+A) HD 
Z 





With the following assumptions for average conditions: 
12 in. walls K= 0.3 
Glass Lai 
Roof M = 0.36 average. 


Assuming for H a season of seven months or 210 days at 14 
hours per day = 2,940 hours per season. 
Assuming D = 70 — 40 = 30 deg. 
‘ (0.3W + G+ 0.36 R+ A) 2,940 x +30 
ae 12,000,000 
03W+G+036R+A 
yj 136 








D. S. Boypen: I talked with Mr. Martin on this paper. I hope 
he will be here to-morrow. He is just recovering from an attack 
of grippe. 

I should like to offer a little information concerning the 
formula that is charged against me. It says that it must be 
applied by some one who has had experience in the business, 
and that is so, to a considerable extent. 

There are a number of formulas that may be applied care- 
lessly, for instance one that I heard was from a fellow who 
figured 80 lb. of coal per season per sq. ft. of radiation installed. 
But there are others who would say 50 lb. These are only 
guesses, and if that is all you want you can take most anything, 
but if you are going to get at the cost by applying a formula to a 
building before it is erected, you want some definite knowledge 
of how to get at the radiation losses. If you do this, you will 
want to consider all the factors in the formula and perhaps 
others, to get a correct result. 
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This particular reprint 1 did not go over, but for Prof. Kent’s 
benefit I will say that “T” is not expressed properly; it should 
be “transmission losses.” If you had a riser in a 12-story build- 
ing and the building was a long one so that the riser had to 
run through much space that it was unnecessary to heat, you 
might have transmission losses. We can, to a great extent, 
determine the load factor if we know something of the use of the 
building. For instance, if you take a large office building, you 
can figure that the heated space will be about 90 per cent. In 
factories and lofts you may figure that the load factor will be 
about 60 per cent. 

I cannot conceive of a more intelligent way of establishing 
cost in advance on a building than to deal with each variable 
separately. We can assume that the law of averages will 
apply here as well as in anything else. This being the 
case, if you have a building with loose fitting windows, or 
single tight fitting storm windows, this variable will be given 
an intelligent value. 

I should like to see, however, a standard formula presented for 
estimating the cost of heating a building in advance of the struc- 
ture. I might even be willing to abandon this one, but I have 
thus far had very good results from its application. 


S. M. Busunett: Mr. E. F. Tweedy, of the New York Edison 
Company, has brought out the fact that when figuring coal re- 
quirements for heating service in Chicago, it is necessary to 
figure about twice the number of tons that are required in New 
York, largely on account of climatic conditions. 


The formula used in Chicago when compared with the formula 
used in New York shows just about double the coal requirements 
and this will partially explain our 790 lb. per square foot per sea- 
son as compared with the 400 lb., which Mr. Martin men- 
tions. It would also explain why our costs should be higher, 
though why they should be so much higher per thousand pounds 
than those of Mr. Martin’s, I do not understand. 


If I am correctly informed, Mr. Martin’s plants are not pro- 
vided with steam meters and his figures are based largely on the 
reading of the water meters which show the water supplied to 
the boilers. These will, of course, show a higher amount than 
the steam meters which actually show the amount of steam 
delivered to the line. 

Under test our 500 h.p. boilers will show as high as 70 per cent. 
efficiency, when operating under the very best conditions and 
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under full load. I would be inclined to question the efficiencies 
given in Mr. Martin’s report on 150 h.p. boilers when operating 
on less than half load, as they are entirely out of line with any- 
thing which has hitherto been published. Our cost of from 35 to 
40 cents per thousand pounds certainly compares favorably with 
the plants operated in Chicago, or we would not be able to sell 
steam at those figures. 

I understand that the New York Steam Co. is selling steam 
at considerably higher prices in New York and they would 
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FIG. 4. CURVE SHOWING APPLICATION OF THE TWEEDY FORMULA. 


probably have difficulty in doing so, if it were practicable to 
obtain steam as cheaply as is claimed in this report. 

Tue Avutnor: Since the presentation of the paper,’ the 
writer has obtained additional information on the buildings re- 
ferred to in Table 3, which, as Mr. Timmis suggests, may be 
of value in making further deductions: 


No. of Bldg......... 1 2 3 5 6 
Gross volume, cu. ft. 2,650,000 4,500,000 6,500,000 15,000,000 11,225,000 
Glass surface, sq. ft. 19,000 57,600 

Net Wall, sq. ft..... 100,000 145,300 

Direct Radiation ... 28,900 30,000 52,000 80,000 28,800 
Indirect Radiation.. 1,800 12,000 4,000 26,000 


The manner in which the Tweedy formula was described in 
the paper was not sufficiently clear, and the writer, therefore, 
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wishes to present the curve referred to in Fig. 4, which will make 
the method of application more apparent. As already indicated, 
the values of net wall and glass surface are substituted in the 


; W 
expression ry es 2G 


The resulting figure is then located on the bottom of the chart 
and an ordinate traced until it intercepts the diagonal line. A 
horizontal line running from the point of intersection over to the 
left will give the number of tons used per season for heating. 

Some question has been raised as to the possibility of obtain- 
ing the high boiler efficiency given in Table I. An error has 
undoubtedly been made in the efficiency calculated for pea coal, 
since the per cent: ash and refuse on test was 16.8, while the 
coal analysis gave 18.7 per cent. of ash. The efficiency of 84.8 
per cent. is, therefore, undoubtedly inaccurate, due to an error in 
coal analysis. 

The other efficiencies given, however, seem possible under 
the condition of tests, though they would doubtless be impossible 
if the boilers were run at rating. A comparison of the steam 
temperatures and those of the flue gases show that very efficient 
operation was maintained: 


Temp. Steam..... 3198 3214 3223 323 322 3A 322 33 322 
Temp. Gases .... 3528 381.3 363 355 366 342 340 347 352 


The Orsat showed high percentages of CO, throughout the 
tests and these, with the low flue gas temperatures, convince the 
writer that the efficiencies given are not improbable. 

However, the tests were made merely as a matter of com- 
parison of the different grades of steam coal and the relative 
values are undoubtedly as stated in the results. It is the writer’s 
purpose, however, to repeat the tests at some future date, at 
which time the heat balance will be made up for each test to 
determine absolutely the possibility of high efficiencies under 
the conditions described in the paper. 
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WINDOW LEAKAGE 


By SrepHen F. Voornees', New York (Non-Member) 
AND 
Henry C. Meyer, Jr.,. New York (Member) 


LMOST all of the rules used in calculating the radiating sur- 
face necessary to warm a building, are based upon the assump- 
tion that the windows are reasonably tight. When wooden 

windows are used and it is found that the leakage is excessive, 
it is a simple matter to correct this fault by the application of 
weather strips. The introduction of the metal clad window, that 
is, a wooden window covered with metal, has caused more or less 
trouble in heating buildings due to the difficulty of making a 
tight fit between the metal rubbing surfaces, but in this case 
also, methods of successful weather stripping have been developed. 
The all-metal window, constructed of hollow or solid section 
members, is a most troublesome and serious factor, not only on 
account of its excessive leakage, but also because of its extensive 
use to meet the requirements for adequate fire protection. 
Several years ago one of the authors was called upon to de- 
sign the heating and ventilating equipment for a building of some 
5,500,000 cubic feet capacity. When it was proposed to use 
hollow metal windows, without weather strips, by the owners 
of the building, the heating engineer frankly stated that he was 
in a quandary as to the amount of heating surface necessary to 
warm the building on account of the variable, and at times, 
excessive leakage of windows of this type. After some dis- 
cussion it was recommended that the rooms in the building be 
given about one-third more heating surface than would be re- 
quired with reasonably tight windows, and if it was found that 
this increase failed to meet the situation, it would be better to 





1 McKenzie, Voorhees and Gmelin, Architects, New York. 


Presented at the Annual Meeting of Tue American Society or HEATING AND 
VENTILATING EncineerS, New York, January, 1916. 
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attempt to stop the window leakage than tovadd still more radiat- 
ing surface. Such a course was followed and it was found that 
in certain parts of the building the radiation supplied was not 
sufficient. 

In another building for the same owners, the seven lower 
stories were equipped with hollow metal windows and additional 
radiating surface was provided. The seven upper floors of the 
building were equipped with ordinary wooden windows made 
after the specifications and drawings of the architects, but with 
weather strips. When the building was finished, difficulty was 
experienced in heating the lower floors, but none whatever with 
the upper floors. 

In all of the cases above mentioned the trouble was not 
experienced with all the rooms with the hollow metal windows, 
showing, as was to be expected, that the leakage is a-variable 
factor. This meant that in some rooms in which the leakage was 
more moderate, overheating occurred and naturally very serious 
overheating would occur in all of the rooms provided with an 
excessive amount of radiation when temperatures were more 
moderate and with moderate outside wind velocity. This natur- 
ally produced a discomfort among the building occupants. An- 
other interesting fact is worth recording in connection with the 
building first mentioned. This is exposed on all four sides and 
in severe winter weather, the draught from the windows along 
the west wall was so great and the temperatures at these points 
so low that it was impossible for one to sit in these locatic 1s with 
any degree of comfort. Along the east wall of the building, 
however, on the same floor and at points only forty feet away, 
temperatures of over 75 to 80 degrees were found, as against 
temperatures of 60 to 65 degrees along the west wall. 

For the purpose of determining the relative merits of several 
methods of reducing this window leakage, the architects for the 
buildings mentioned, Messrs. McKenzie, Voorhees and Gmelin, 
began what has resulted in an extended series of experiments 
on window leakage. These tests have extended over a period 
of some twelve months and cover a large number of experi- 
ments on different types and different makes of windows, many 
of the windows being tested under variable conditions. When 
the tests were started it was supposed that practically all the 
air leaked through the crack between the sash and the frame 
and between the meeting rails; that is, it took place around the 
sash perimeter. It was soon found, however, that there was a 
very considerable leakage elsewhere than through the crack. 
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The air came through the puttied joints of the glass, through 
the connections of the muntin bars, and through the joints of 
the frame. Every window, therefore, was tested to determine 
the two classes of leakage, which are designated (1) “Sash perime- 


” 


ter leakage” and (2) “elsewhere leakage,” the sum being the 


INTERIOR OF TESTING CHAMBER, SHOWING METHOD OF MOUNTIVG WINDOWS 


FIG, 3. 
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total leakage.of the window. - It is proposed to give the results 
of some of these tests in this paper. 

The tests were conducted in a space in the Chelsea Telephone 
Exchange Building, with apparatus purchased for the purpose, 
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by the New York Telephone Co. This apparatus consisted of a 
small Sirocco type of blower belt ‘driven by a variable speed 
direct current motor. The window to be tested is placed in a parti- 
tion separating into two parts a chamber made of galvanized iron 
about 5 feet by 5.5 feet in plan and 9.5 feet high, and so constructed 
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TESTS ON A HOLLOW METAL 


RESULTS OF 
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as to be practically air-tight. The fan is arranged to discharge into 
one side of the chamber and from the other side extends a con- 
ical galvanized iron pipe terminating in a smaller pipe. A num- 
ber of differential gauges are employed to record the pressure on 
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each side of the window to be tested so that the differential pres- 
sure is obtained. Pitot tubes are employed to test the velocity 
of air through the discharge pipe mentioned. The quantity of air 


delivered by the fan may be varied by varying the speed of the 
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fan and by throttling the inlet, and the pressures are varied by 
the same means, also by sliding doors on the pressure side of the 
testing chamber. In each case tests were run at a number of 
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SUMMARY OF THE PRINCIPAL RESULTS OF THE 
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different pressures and the results plotted on cross-section paper. 
Figure 1 gives a diagram and Figure 2 a general view of the 
testing equipment and shows the blower, testing chamber and 


discharge pipe and the board on which the gauges are mounted. 
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Figure 3 shows the method of placing the windows to be tested 
in the chamber, the chamber being swung open on its hinges. 

The general method of testing is to determine (1) the total 
leakage for the window as delivered by the manufacturer, and 
(2) to determine the elsewhere leakage by puttying up the cracks, 
thus eliminating the sash perimeter leakage. Deducting the 
“elsewhere leakage” as determined by the second test, from the 
total leakage, determined by the first test, gives the “sash 
perimeter leakage.” 

Inasmuch as weather stripping affects chiefly the sash perimeter 
leakage, the architects have also called the curve showing 
this leakage the “100% strip;” that is, the curve would show 
the leakage of a window if the weather stripping is 100% effi- 
cient. Weather stripping will reduce the “elsewhere leakage,” 
to some extent, particularly if the upper sash is stripped on 
weather side, so as to prevent air from entering the pulley holes 
in the frame. 

Figure 4, shows the results of a test on a hollow metal window 
“C” and gives the leakage in cubic feet per minute on the hori- 
zontal scale for varying differential pressures indicated in the 
vertical scale. Test No. 13 is with the window as manufactured 
and locked. Test No. 19 gives the test of the same window 
after a well known make of weather strip had been applied. At 
a differential pressure of one inch the leakage was reduced from 
134 cubic feet to 96 cubic feet or about 28 per cent. only. The 
window was then fitted with an inside wooden casement and the 
result given in Test No. 18a was obtained. The cracks in the 
sash were then puttied up and the so-called “elsewhere leakage” 
was obtained and this is given in Test No. 21. Figure 5 gives the 
results of tests on hollow metal window “H.” Tests 38 and 47 
were with the window plain. Tests 37 and 45 were made after 
weather stripping was applied. 

Figure 6 shows the summary of the principal results of most 
of the tests and gives the total leakage for the various windows 
tested. Figure 7 gives the leakage through the perimeter of the 
sash only. In both cases the leakage is reduced to cubic feet 
per minute per linear foot of sash perimeter. Referring to Fig- 
ure 6 the poorest result is with a hollow metal window plain, 
that is, without weather strips. Test A-5 is upon the same 
window fitted with a well-known make of weather strip. Test 
G-34 is an ordinary wooden window without weather strips and 
Test G-36 is the same window equipped with a well-known make 
of weather strip. Particular attention is called to this test as it 
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represents in all probability about the leakage, perhaps a little 
less than most formulas for calculating radiating surfaces are 
intended to take care of. 
Test No. D-24 is a metal covered wooden window 


Most of the tests are of hollow metal 


& 


/7 


“& 


“/ 
CU FT OF AIR PER LINEAR FT. OF SASH PERIMETER PER MUIINVUTE 


¢ 


4@ 45 


ve 


c ] ie) 


a 


6 


x x 8 3% 


“ 
STHIN N/ TVWLLNAIAGISIHO WLVOLS 


bd 


&§ # 8 


_ - - s£ 
SF F< RR 


ADW NM AMM 20 ALIIOIIAN ORLOEHON/ 


Test No. I-51 is for a patented pivoted 


window built of solid steel sections in which the leakage was 
found to be almost negligible and test L-56 is upon another 
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make of pivoted window of solid sections where the leakage 
proved to be excessive. 

The examination of the curves in Figure 6 will show that at a 
differential pressure of one inch of water the leakage through 
some of the hollow metal windows amounted to about 10.5 cubic 
feet per minute, and 1.2 cubic feet with the weather stripped 
wooden window, or nearly nine times as much for the former. * 

In endeavoring to find out what the excessive leakage meant 
in ordinary heating practice the author made the following cal- 
culation to find out, approximately at least, the leakage permitted 
by a well-known formula for determining radiating surfaces. 
The transmission through the north wall of a certain office build- 
ing with 70 deg. fahr. inside and zero outside, according to the 
method used by the late Mr. Alfred R. Wolff, amounted to about 
57,000 thermal units per hour and the addition to this.for “ex- 
posure” amounted to about 20,000 thermal units per hour in ad- 
dition, the latter being added according to the author’s under- 
standing of Mr. Wolff’s rule, to warm the inleaking air to room 
temperature. Now the perimeter of the windows in the north 
wall of this floor amounted to 400 linear feet, hence we have: 


~ 


. ° 10 
B.t.u. per hour = Per. in ft. X c.i.m. per ft. XK — 60 
oO») 


. P 20,000 55 
C.f.m. per ft. = 60 Sc 70 S400 


C.f.m. per ft. = 0.65. 


A comparison of this apparent permissible leakage with what 
actually occurred in the tests shows immediately that the ex- 
cessive leakage found in some of the tests cannot obtain in 
practice and the reason for this is of course apparent. The 
tests cover the leakage with certain differences of pressure. It 
is difficult for this to occur in practice, first, because of the 
oblique angle at which a wind usually strikes a building, and 
what is of greater moment, the improbability of maintaining any 
great differences of pressure on both sides of window as they 
are usually employed in buildings. If a window forms part of 
the exposed side of a closed room, for instance, just as soon as 
leakage begins to occur due to outside wind pressure, the pres- 
sure begins to build up inside of the room and so reduces the 
differential pressure that causes the leakage. 

While attention is drawn to the fact that the leakage as shown 
in the test cannot be reached in practice in so far as actual air 
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movement is concerned, it is believed that the relation between 
the actual leakages of windows of different types is in the same 
proportion as in the tests noted. If, therefore, certain windows 
are apt to leak under severe outside weather conditions several 
times as much as a window that is reasonably tight, the matter 
at once becomes of vital importance to the heating engineer. 

With a variation in the possible window leakage such that 
the radiating surfaces required may be any amount from the 
normal tu several times the normal surface required with rea- 
sonably tight windows, the method of the heating engineer must 
become a matter of guess-work rather than the application of 
rules that have become more or less of an exact science. This 
matter is of far greater importance to the owner, however, 
than it is to the heating engineer, for he has to pay for the 
privilege of using leaky windows, the greater cost of the heat- 
ing system and the greater fuel cost after the building is in use. 
Furthermore, the occupants of buildings so equipped have to 
endure the discomfort brought about by the excessive over- 
heating in mild weather and in light winds brought about by 
the large amount of radiating surfaces required under extreme 
conditions. 

What the architects who made the tests, are endeavoring to 
establish, is a comparative value or leakage factor for various 
types and makes of windows and to establish a standard of per- 
missible leakage. It is to be hoped that the presentation of the 
data so far obtained, will awaken an interest in the minds of 
heating engineers as to the importance of the subject, and will 
cause them to do what they can to create the demand for tighter 
and more serviceable windows. 





XUM 





Witaa 


No. 404 


REPORT ON THE ESTABLISHMENT OF A 
STANDARD CO-EFFICIENT FOR HEAT 


LOSSES AFFECTED BY WIND 
MOVEMENT* 


By H. W. Wuirtten, Kansas City, Mo. (Member) 
AND 
R. C. Marcu, Kansas City (Non-Member) 


To be Added to Co-Efficients of Heat Losses Caused by Difference 
of Temperature Between Outside and Inside of 
Buildings in Still Air. 


SSUMING that standard interior temperature is to be 70 de- 
A grees F., wind effect with outside temperature ranging from 
70 degrees to 40 degrees F. is not of great importance. Be- 

low 40 degrees it has a steadily increasing value. 

A close study of the records of the Public Service Co. of North- 
ern Illinois for the past two years, in connection with other data 
referred to in last year’s report, has enabled your Committee to de- 
termine the wind effect on a large group of buildings of various 
construction. 

It is obvious that the co-efficients will vary with the quality 
of construction in individual cases. Decrease in conductivity of 
walls will lower convection loss and closely fitted walls, sashes 
and frames will decrease leakage losses. 

From the data at hand the following co-efficients have been 
deduced: 


50 deg. to 40 deg. 1 mile per hour equals .75 deg. drop. 
40 deg. to 30 deg. 1 mile per hour equals 1. deg. drop. 
30 deg. to 20 deg. 1 mile per hour equals 1.1 deg. drop. 


"This paper is part of a report of the joint educational committee of the National 
District Heating Association and this Society read at the annual convention of the 
Association in Chicago, June, 1915. 

Presented at the Annual Meeting of Tuk American Society or Hgatinc anv 
VENTILATING Encinggers, New York, January, 1916. 
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20 deg. to 10 deg. 1 mile per hour equals 1.2 deg. drop. 

10 deg. to Odeg. 1 mile per hour equals 1.3. deg. drop. 
0 deg. to-10 deg. 1 mile per hour equals 1.4 deg. drop. ° 

-10 deg. to -20 deg. 1 mile per hour equals 1.5 deg. drop. 


For all practical purposes, the foregoing will be found suf- 
ficiently accurate for central station operation where large groups 
of buildings of varying construction are heated. 

The accompanying tables are a daily report on the Oak Park 
Yaryan Heating System for the months of December, 1914, and 
January and February, 1915. 

They show the daily B.t.u. output, the average outside tem- 
perature, the daily difference between outside temperatures and 
40 degrees F., and the daily average miles per hour wind move- 
ment and prevailing wind direction. 

In drawing conclusions from this report by comparing out- 
puts on varying differences, it was found that the amount of 
B.t.u.’s required for this plant with an outside temperature of 
40 degrees and no wind movement, was approximately 136,800,- 
000 B.t.u.’s. This output being multiplied by the number of 
days in the month and the product deducted from the total B.t.u. 
output for the month, gives the increase in B.t.u. output due to 
drop in temperature below 40 degrees and total wind move- 
ment. 

The total drop in temperature for the month of February be- 
low 40 degrees was 204 degrees; the increase above 40 de- 
grees was 28 degrees. By deducting the 28 from the 204 we have 
176 degrees net drop in temperature, which, added to the total 
wind movement of 356 miles, gives a total of 532. By dividing 
the increased output in B.t.u.’s, namely, 2,102,000,000 by 532 we 
get a quotient of 39,500,000. 

It will be observed that by following the same process in 
January, this quotient is 43,370,000. This is due to the fact 
that the drop in temperature below 40 degrees was very much 
greater than in February. 

In December the quotient is 43,600,000. In this month the 
variation from 40 degrees is 551 — 17 or a net of 534, which, 
added to 428 miles of wind movement, gives a total of 962 as 
against 896 in January. 

The results for December and January are very consistent and 
show the importance of the losses caused by wind movement 
during cold weather. 
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OAK PARK YARYAN HEATING SYSTEM. 


BT. U. 
158,400,000 
187,200,000 
208,800,000 
201,600,000 
201,600,000 
216,000,000 
208,800,000 
230,400,000 
259,200,000 
266,400,000 
273,600,000 
259,200,000 
288,000,000 
374,400,000 
352,800,000 
331,200,000 
316,800,000 
266,400,000 
288,000,000 
295,200,000 
309,600,000 
324,000,000 
316,800,000 
309,600,000 
331,200,000 
280,800,000 
352,800,000 
230,400,000 
230,400,000 
331,200,000 
224,000,000 


8.454.800,000 


Daily Report. 
December, 1914. 
Average Variation 
Outside from 
Temperatures 40 deg. 
54 -|-14 
a +3 
34 — 6 
40 ...— 0 
a <4+32 
39 —1 
38 —2 
38 —2 
32 —8 
25 —15 
23 —17 
24 —16 
22 —18 
3 —37 
8 —32 
5 —35 
7 —33 
25 —15 
21 —19 
17 —23 
11 —29 
12 —28 
11 —29 
16 —24 
3 —37 
19 —21 
10 —30 
31 —19 
33 —7 
10 —30 
12 —28 
-|-17—551 


6 


428 


8,454,800,000 — 4,2 40,800,000 == 4,214,000,000 


5d51-—-17 = 534 





+ 428 = 


1,214,000,000 


STANDARD FOR Heat Losses AFFECTED BY WinD MoveMENT 
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per Hour 
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Daily Report. 
January, 1915. 


3,886,000,000 





STANDARD FOR Heat Losses AFFECTED By WinpD MoveMENT 


OAK PARK YARYAN HEATING SYSTEM. 


377 + 519 = 896 ;_——- = 43, 370,000 


Average Variation Prevailing 
Outside from Wind Av. Miles Wind 
Day B. FT. @. Temperatures 40 deg. per Hour Direction 
1 266,400,000 27 —13 18 S.-S.W. 
2 309,600,000 16 —24 8 W.N.W.-N.W 
3 295,200,000 20 —20 9 W.SE.-W.S.W. 
4 237,600,000 21 —19 11 W.S.W.-S. 
5 244,800,000 30 —10 15 Ss. 
6 208,800,000 37 — 3 14 S.-W 
Pf 288,000,000 27 —13 20 W 
8 295,200,000 20 —20 9 W. 
9 288,000,000 20 —z20 9 W.-S.E.-S 
10 237,600,000 32 — 8 10 S. 
11 223,200,000 36 — 4 10 S.S.W.-N 
12 237,600,000 31 —9 9 N.W.-S. 
13 230,400,000 31 — 9 19 S.-S.W. 
14 201,600,000 36 — 4 11 S.W. 
14 201,600,000 36 — 4 11 S.W. 
15 216,000,000 32 — 8 10 W.N.W.-S.E 
16 201,600,000 40 — 0 22 S.E.-S.W. 
17 273,600,000 27 —13 21 W.-W.S.W. 
18 273,600,000 22 —18 9 N.W.-N. 
19 244,800,000 26 —14 10 W.-S.E. 
20 273,600,000 24 —16 13 S.E.-N.W. 
21 295,200,000 15 —25 8 W.-N.W. 
22 288,000,000 19 —21 10 N.W.-N.E. 
23 331,200,000 7 —33 14 N.W.-W. 
24 324,000,000 12 —28 8 W.-S.W.-W 
25 288,000,000 15 —25 10 W.W.-W. 
26 309,600,000 14 —26 8 W.-S.W. 
27 331,200,000 8 —32 13 N.W.-N.N.W. 
28 252,800,000 5 —35 12 N.W.-S.W. 
29 228,400,000 5 —35 8 W-NW-NNW 
30 302,400,000 18 —22 15 S.E. 
31 208,800,000 38 — 2 14 S.E.-N.W. 
8,126,800,000 —519 377 


8,216,800,000 — 4,240,800,000 = 3,886,000,000 











Day 


CSOMNANFWWHS 


11 
12 
13 
14 
15 
16 


18 
19 
20 
21 
9? 
23 
24 
25 
26 
27 
28 


Average B.t.u. at 40°, no wind=136,800,000x28 days=2,830,400,000. 
5,932,800,000 — 3,830,400,000 = 2,102,200,000 
2,102,200,000 
204 — 28 = 176 + 356 = 532 ;_—____-_-—_ 


532 
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OAK PARK YARYAN HEATING SYSTEM. 


-~ SB 

259,200,000 
230,400,000 
244,700,000 
208,800,000 
216,000,000 
273,600,000 
302,400,000 
273,600,000 
244,800, 

216,000,000 
172,800,000 
201,600,000 
136,800,000 
194,400,000 
244,800,000 
230,400,000 
201,600,000 
187,200,000 
187,200,000 
151,200,000 
172,800,000 
172,800,000 
172,800,000 
194,400,000 
216,000,000 
223,200,000 
201,600,000 
201,600,000 


5,932,800,000 


Daily Report. 
February, 1915. 






Average Variation Prevailing 
. Outside from Wind Av. Miles Wind 
Tempeartures 40 deg. per Hour Direction 
34 — 6 27 NE. 
28 —12 18 N.E.-N.N.E. 
28 —12 10 N.E.-S.E. 
36 — 4 16 S.E. 
37 — 3 15 S.E.-S.W. 
26 —14 18 S.W. 
18 —22 13 _.- 
19 —21 11 N.-W. 
24 —16 8 W.-N.W.-E 
34 — 6 20 S.E.-S.S.W 
48 -|- 8 20 S.W. 
39 — 1 13 N.E. 
50 ~—--|-10 14 §8SE. 
40 0 22 S.W. 
32 —8 15 S.W. 
27 —13 6 W.S.W. 
32 — 8 E.-S.E. 
37 — 3 8 E.-S.E. 
38 —2 6 E.S.E.-E. 
42 -|- 2 6 E.-S.E. 
45 -|- 5 7 S.E. 
39 — 1 6 S.S.E.-E.N.E 
43 -|- 3 12 N.E.-S. 
34 — 6 12 S.W.-W. 
29 —11 10 N.W.-N.N.W. 
26 —14 10 N.W. 
31 —9 13 N.W.-N. 
30 —10 13 N. 
~ | -28—204 356 


39,500,000 
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JOINT DISCUSSION OF PAPERS 
on 


WINDOW LEAKAGE 
By S. F. Voornees anv H. C. Meyer, Jr. 


and 


STANDARD FOR HEAT LOSSES AFFECTED BY WIND 
MOVEMENT 


By H. W. Wuirrten ano R. C. Marcu 


F. K. Davis: In the discussion of these two papers, that of Mr. 
Meyer is first. We cannot very well go beyond the returns of a 
report when they are so complete as in Mr. Whitten’s paper. 

I had the pleasure of being present at a number of these 
tests and helped in a small way with some of them, and so i 
can say positively that every precaution was taken that they 
would be accurate. They were checked up in every possible 
way. I had hoped to get some comparisons from these tables 
to work up a comparative formula to present at this meeting, 
but unfortunately the last ten days I have had to spend mostly 
in traveling, and I have had to study the paper as best I could 
on the trains, hence I have been unable to get myself properly 
prepared. 

Any formula for figuring radiation to take care of window 
leakage has the factor + in it, but I think the general formula 
for glass should be more nearly 3 than 1. Personally, | know 
that about 60 per cent. of the office buildings in New York 
are in trouble at various times with their heating, much of 
the trouble being due to this question of air leakage. The 
question of weather strips on wooden windows is simple, but 
when you come to the problem of weather stripping metal win- 
dows, it is not so simple. It is not only the initial stripping that 
must be thought of—the life of the stripping must be considered. 
I know of a building in New York that was weather stripped five 
years ago. The cost was something like $4,500 and within the 
last six months it has been necessary to spend about $2,300 in 
repairs. This is a factor that should be considered before the 
windows are selected. : 

For the past eight or nine years, until last January, I spent 
the greater part of my time in checking up window leakage. I 
believe I have made more practical experiments along this line 
than almost any one else, and the tests have been on all kinds 
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of buildings, residences, office buildings, erehaiesin, ete. In 
the beginning a certain set of figures were given to me but I 
soon found that I was incorrectly informed. After about the 
first application of these figures, I found that they were wrong, 
so I had to cut and try. On 60 or 70 buildings, the cut and try 
methods got us nearer to the danger point than we should have 
gone, but in most instances we were successful. One I remem- 
ber was where a hot water job was proportioned as one fout 
of radiation to two of glass equivalent. The heat loss was 
small and the result was that the house was overheated most of 
the time, but the owner was able to heat the building with a 
water temperature of 135 deg. instead of 180 deg. 

The question may be raised whether the heating of a building 
can be successfully accomplished with the ordinary factors when 
the window leakage is excessive. Somietimes it may work out 
all right, but if the leakage is excessive as the tables show, then 
the radiation factors as generally used are insufficient. 

I know of an instance where the condensation from the radia- 
tors was about three times as much as usual. Under ordinary 
conditions the trap should have discharged once each minute, 
but when heat was first turned on the cold building, the trap 
discharged three times per minute, or somewhat less than 20- 
second intervals, hence the trap was unable to take care of the 
condensation. Water backed into the return pipes and there 
was trouble. Starting with a cold building you have three 
times the condensation that you have when a building is warm. 
This might have some bearing on the point. 

This is a problem that must be investigated further, until we 
find the relation between the outside wind velocity and the pres- 
sure inside of different types of buildings. Whether that will 
be easy to ascertain, I am not prepared to say at the present 
time; what the tests have shown, as Mr. Meyer has stated, is 
purely comparative and in comparing the results as shown with 
the results in other buildings that have wooden windows, I 
know that the differences must be due to the windows only. 

All our rules now take into consideration the cubical con- 
tents of a building. I think the ideal rule for determining radia- 
tion will be one based on wall surface, glass surface and window 
leakage; not based on cubic contents and wall and glass sur- 
faces. Cubic contents should be neglected. I have used a rule 
on this line and have obtained very satisfactory results, far 
more accurate than any svule in which cubic contents enters into 
the calculation. 
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Passing to tHe paper of Mr. Whitten, there are some things 
in it that I do not understand. They may be perfectly clear to 
the author but not so to me. I find on the first page that 
where the temperature varies from 20 deg. to 10 deg. Fahr., for 
each additional mile of wind velocity, the equivalent drop is 1.2 
deg. On Monday of this week I noted that the Weather 
Bureau stated that in the recent cold spell the tem- 
perature was 10 deg. and that there was a wind move- 
ment of 42 miles. In that case, if we take the factor 1.2 and 
multiply it by 42, it would give us a temperature of something 
like 30 deg. below zero. This is manifestly incorrect. It 
might be more under certain amounts of leakage, but not with 
the average leakage, because if the temperature goes down to 
zero with a high wind movement, the result will be ridiculous. 
I think we might be given a little information on this point. 
There is a co-relation between wind velocity and temperature, 
but I do not think we gain anything by adding them together. 
Rather we should take the different temperatures and wind 
velocities, and co-relate them, but we should not attempt to 
figure wind velocity for a month and add it to the total drop in 
pressure for a month, because it would not give us anything 
that would be reliable. 


R. P. Botton: The subject of air leakage has more than one 
side, and such leakage is not always a disadvantage. It is simply a 
question of how you consider it, whether it is a question of cost of 
operating the heating plant or that of the health of the occupants. As 
buildings are now heated, the people who occupy them would proba- 
bly be asphyxiated within a short time if there was no leakage of air, 
for the reason that they shut themselves up, the windows are closed, 
the heat is turned on, and the humidity is reduced ; for these reasons 
window leakage is desirable, particularly in the present-day apart- 
ment house. 

The question of operating cost largely concerns the landlord, 
who has to pay for the steam that supplies the heat necessitated 
by this leakage. In view of the fact that the modern method 
is to have plenty of ventilation, and nearly every one has regard 
for ventilation in these days, at night especially, the easiest way 
for the tenant is to open the window and turn on the radiator, 
which is rather hard on the landlord who does not like to heat 
the whole outside and he does deserve a little consideration. 


With these points in mind we might consider these papers 
from a standpoint that window leakage is not altogether a 
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disadvantage, even in office buildings, and particularly is this 
the case in loft and apartment buildings. It is true that for 
years we have assumed a standard amount of leakage to be 
taken care of; due to the changes that have come in construc- 
tion, and most of us have seen the varying changes to the sub- 
stitution of metal windows for wooden ones, a new method of 
figuring must now be devised to take care of this change. The 
old method has passed, and I believe that there are but few 
engineers who have not experienced some trouble through short- 
age in heating surface, because they had applied old rules to 
modern construction. 

It is fortunate for us that we are in a locality where we do 
not have to bother about wind velocities, especially some of the 
velocities that prevailed when this paper was written. If such 
a wind prevailed here in New York, I am sure that some of 
our skyscrapers would blow right over. The average velocity 
here, as shown by the records, is 8 miles per hour. Occasionally 
we suffer from a comparatively high wind velocity accompanied 
by a low temperature. It is under such conditions that the 
modern office building Mr. Davis mentions, finds a shortage of 
heat. An instance of the kind occurred the other day when we 
had a wind velocity of about 20 miles an hour with a tempera- 
ture of 13 degrees; this brought forth a number of complaints. 
Last week we had a similar condition of high wind with low 
temperature, which produced the same results. High winds do 
not always accompany low temperature; in fact in New York, 
when: we reach the near-zero. mark, it is almost always accom- 
panied with still air. 

Referring to the paper of Messrs. Voorhees and Meyer, you 
will notice that with a wooden window not weather stripped, 
you get about five times the amount of leakage that you do 
when it is properly weather stripped. This is a very important 
statement and one in which we should be greatly concerned. We 
should not be blamed for inadequate heating of plants, when we 
take a set of plans that have been drawn by those who are sup- 
posed to know more about windows than we do, and we pro- 
vide heating in accordance with the plans, as shown; we have 
a right to assume that we will have first class construction to 
deal with. 

We make our plans accordingly, and later there comes a time 
when we find the construction which we naturally assumed 
would be proper, is very defective, and our heating surface insuf- 
ficient. 
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Frequently the leakage that occurs through the openings 
around a window is appalling. In my experience, I have found 
that there is nearly always a substantial amount of leakage also 
between the window frame and the plaster. Such conditions 
are inexcusable, and we should certainly be right in holding the 
architect or builder responsible for such defects. I know of 
a building where several thousand dollars had to be spent after 
its completion in stopping up holes and cracks. In some of the 
rooms one could stand in a certain position and get a bird’s- 
eye view of the city under the window sills. I think we have 
good reasons to call the attention of the architects and manu- 
facturers of windows to the poor construction that we often 
encounter. 

It seems strange in this age of information, that so very 
little is apparently known as to how windows should be set. 
The window was the elementary form of keeping the elements 
out of man’s habitation, and has been under construction for 
some 500 years—yet to-day many of them are made about like 
the old first style of windows. 


One element in connection with this subject of air leakage 
that has not been dealt with is the subject of inward drafts in 
a building. In the 30-story building in which I occupy offices, 
we get an extraordinary wind velocity across the room every 
time we open our transom into the hall. The elevator shafts 
seem to be open conduits that carry air up through the build- 
ing. Any time we want it we can have a lively breeze through 
our office, without any regard whatsoever to outside wind move- 
ment, just by opening our transoms. In hotels and office build- 
ings this is not at all a bad thing, but it is rather an advantage 
in some ways, in furnishing ventilation. 

Another point is the extreme difficulty in properly tabulating 
the relation of heating to wind leakage. “The wind bloweth 
where it listeth ” and the building stands where it is put 
and it gets the wind from every direction. We find great trou- 
ble in co-relating wind movement with heating requirements. 
I have endeavored to bring together some observations of this 
nature on municipal and other buildings during the year. The 
steam used for heating, and the varying wind velocities were 
carefully observed, but there was no relation that we could 
find. There must be an affinity between wind movement and 
heating a building, but they are difficult to establish. 
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I wish the tests given in the paper Which have been thor- 
oughly gone into could have been conducted at lower static 
differences than those shown on the diagrams. 

In referring again to Mr. Whitten’s paper, I think I have 
to agree with Mr. Davis. The method by which Mr. Whitten 
has chosen to derive his conclusion is not, to my mind, a scien- 
tific one. I do not think we can properly take two such unre- 
lated elements and add them together and then use them as a 
factor. I think this will be accepted without question by all. 


FRANK IrvinG Cooper: I should like to add a word to 
what Mr. Bolton has said in relation to building construction. 


ae 
ay), i NOTE. starr BEaDs 4RE TO BE TACKED ON BY 
MANUFACTURER. AFTER THE FRAMES ARE SET 


IN THE WALLS THE STAPF BEADS SHALL BE REMOVED 
THE JOINTS CAREFULLY CAULKED ANO THE STAFF 
BEAD THEN NAILED INTO PLACE 
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FIG. 8. SPECIAL WINDOW BOX CONSTRUCTION*TO PREVENT AIR LEAKAGE. 


I agree with him but there is one point about the construction 
of windows concerning which the engineers should make a 
stipulation. They should have a clause in their contracts that 
their guarantee is based on the building being properly con- 
structed. That would remove much blame from their shoul- 
ders when the questions of leaky windows are discussed. 

I should like to illustrate the usual form of window boxes, 
and tell you how I overcome some of the difficulties of air leak- 
age around window frames. 

In my specifications I require that the staff bead be taken 
off before the final coat of paint is put on and the joint packed 
with some form of plastic cement, then the bead to be replaced 
and nailed tightly in place. There is usually no objection to 
this being required in the specifications. Then the frame has 


this extra projection, A, of the face piece of the box, see Fig. 8 
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This does not increase the cost to the contractor, if the 
question comes up when the contractor is getting estimates; 
the mill is usually so anxious to get the order that they will 
supply the window frames with the staff bead tacked on and 
the extra width of face without additional cost. 

When the frame is placed and the mason does his work the 
brick and mortar is brought right up around it with the result 
that this joint is covered. We have found that this method of 
construction makes a great decrease in the leakage of air around 
windows. 


J. J. BLackmore: Just a word about this paper of Mr. Whitten. 
This is a report with a view to establishing a standard, and I 
think some of the figures should not go unchallenged. Taking 
his method of figuring the effects of wind leakage you would 
find that with a temperature of 30 deg. accompanied by a 
50-mile gale, would require one to figure on a basis of 25 below 
zero in apportioning radiation, which we know is erroneous. 
Much of these calculations savor too much of commercial engi- 
neering. I raise the point to prevent these figures being adopted 
as a standard, without further investigation. The figures should 
be revised to agree with good practice. 

I hope some one will take up the question in the topics for 
discussion. There is no standard for allowance for wind leak- 
age and there should be one. If engineers have made calcula- 
tions that provide for wind leakage we have not been advised 
of the fact. There are also two other questions that should be 
discussed, viz.: the extra leakage of the north and west side 
windows, and the average window and door leakage of a school 
building. 


W. H. Driscott: 1| think the Society is greatly indebted to Mr. 
Voorhees and Mr. Meyer for the time and labor they have spent in 
the preparation and presentation of this paper. The information 
given points the way that will lead the engineer out of the darkness 
in which he has been groping, into the light where he should be. 
We have been making radiator calculations on the basis of heat 
losses through walls and windows and the factors used are generally 
uniform, but in making allowances for air changes, or leakages, 
while we do not like to admit it, it has been largely a matter of 
guesswork, and this is a custom which must be abandoned. I think 
the Society should take up the subject of this paper and either 
extend the investigation, or establish from these results a standard 
that can be generally used. 
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We have no standard at present—we match one formula against 
another ; every engineer has his own individual method and is gov- 
erned by it. I know that there is a great difference of opinion 
between the ideas of the various engineers right here in New York. 
By using the various methods for figuring there is shown a dif- 
ference of perhaps 50 per cent. in the amount of radiation that they 
would figure for a building. 

On one occasion I had some work in connection with a building 
where we had to take up the question as to whether we had sufficient 
radiation or not. I thought we had not and inasmuch as there was 
a certain responsibility for the proper heating of the building I 
endeavored to argue the case. I took the question up with the 
architect and his engineer. We had a conference and threshed 
around on the subject for hours. We compared our formulas but 
neither the architect’s engineer nor myself could back our “formulas 
up with the formula of any recognized authority. The architect 
was the sole judge and naturally favored his own engineer, and 
the amount of radiation as shown on the plans was installed. When 
the building was completed the rooms on one side were all right; 
those on the other were all wrong and additional radiation had to 
be installed in them. 

The west side of the building had hollow metal windows and the 
heating of the rooms on that side was not satisfactory. The “else- 
where” leakage that Mr. Meyer mentioned was greater than any- 
thing that could have been determined beforehand without experi- 
ence with the same kind of a building. 

After the building was completed and occupied I had occasion 
to spend some time in it and took a room with an eastern exposure. 
It was quite large and had two windows, and yet in zero weather 
there was no time when | could not work there in my shirt sleeves. 
On the other side of the corridor there was a smaller room fitted up 
with hollow metal windows, and it was always cold, usually some- 
where about 60 deg. and they had many complaints about it. The 
room was occupied by two ladies who conducted a hair dressing 
parlor and they had many lady visitors; the windows were hung 
with lace curtains. When the ladies found they were unable to get 
sufficient heat they opened the door into the corridor, which only 
aggravated the condition and the curtains stood out at an angle of 
almost 45 deg. After we had caulked up the windows it was some- 
what better, but even then the curtains stood out because of the 
“elsewhere” leakage around the edges of the glass. 

I think this subject is of the utmost importance to the members 
of the Society, and I believe the Council should take into considera- 
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tion the possibility of appointing a committee for continuing these 
investigations further. 


A. K. Oumes: Mr. Meyer states in the paper that, “it was 
decided to give the rooms about one-third more heating surface 
than would be required with reasonably tight windows.” I 
should like to ask Mr. Meyer how the ordinary radiation was 
figured. 

Mr. Meyer refers to figuring up in accordance with Mr. Wolff’s 
rule. Now the rules of Wolff are those of 22 years ago and it 
was found, immediately after they were put out, that the co-efficients 
were not right for our work. I should like to know if Mr. 
Meyer has any objection to stating the co-efficient that he uses, 
based on these rules. I am somewhat familiar with this subject, 
and should like to know exactly how the co-efficients used were 
obtained. 


H. C. Meyer, Jr.: Iam sorry that I cannot answer Mr. Ohmes’ 
question, at least not very definitely. We used Mr. Wolff’s 
work as a basis and modified it as we thought best for our 
work. That is the only reason why I speak of it. We usually 
add to his transmission loss about 30 per cent. for northwest 
exposure, and that is the factor that I used in this case. I do 
not think that I stated that we used the rules exactly, but 
simply as a basis, for all the work in our office. If we have 
walls particularly exposed we add; if the room is situated under 
exposed conditions, we also add to these rules. 


R. P. Botton: We are using in our office what we believe is 
a very conservative figure. We figure 1.5 cu. ft. of air per 
minute per foot of sash perimeter. If you will refer to Fig. 6 
of the paper, you will notice that my factor corresponds very 
closely with the showing of curves G-36, and H-45. 


J. A. Donnetty: I think there have been some very valu- 
able suggestions in regard to what we might or might not do. 
The most valuable is that it might be possible to bring about 
some changes in engineers’ specifications. I think the Society 
might benefit if Mr. Meyer would give us a list of some of the 
changes he has made in his specifications. The idea seems to 
be prevalent that the Society has never recommended anything 
as a standard clause in a specification, and we know that it is 
so. I think the time has come when we should receive as a 
Society, and offer to the engineers, some standard clause, devel- 
oping quite some progress by the addition of a clause each year. 
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We find trouble not only with leakage of air around windows, 
but under gables, piazza porches, and even under roofs. I be- 
lieve that the study of window leakage might result in some 
statement in a specification that the window leakage should not 
be over a certain amount. It might be difficult to arrive at 
this, but it would result in it not being necessary to make 
more than one or two tests of a particular window to decide 
whether it was in accordance with the standard window leakage. 


I have always been interested in the subject of which Mr. 
Bolton speaks as “popular ideas of ventilation.” It does seem 
regrettable that the usual idea of how best to obtain ventilation, 
in the layman’s mind, is to open a window. You will find that 
all advertising matter concerning ventilation that is published, 
other than in our own trade papers, has to do with the putting 
of a disc fan in a window or a piece of wood under the lower 
sash. This may result in ventilation of a kind, but we prefer the 
kind that has additional apparatus for warming the entering air. 

Proper publicity work on our, part, explaining in a non-tech- 
nical manner our method of combined heating and ventilating 
should result in a preference for our apparatus, and results, over 
those obtained by the “Ventilation” man who does no heating. 


STEPHEN [F*. VoorHEEsS: I am very glad to hear the dis- 
cussion of the tests described in this paper, because I am seek- 
ing all available information on the subject. In the building 
referred to, we failed to obtain proper heating results, and we 
determined to find out the cause, particularly as the heating sur- 
face was much in excess of the usual amount. Our aim was to 
make the building habitable. Our first step was to determine 
the best method of making the windows weathertight, and that 
problem has been solved by the installation of weather strips. 
But the second and most important step in this work is to 
bring the hollow metal window manufacturers to a realization 
of the fact that better windows are needed, so far as leakage is 
concerned. This means that we must create a demand in the 
market for better windows. We believe that eventually we will 
have windows which are reasonably weathertight, although they 
will be more expensive than the hollow metal windows now on 
the market. 

But to speak about the tests: We were surprised to find 
that the elsewhere leakage is particularly high in some hollow 
metal windows, being as much as 50 per cent. of the sash perime- 
ter leakage. Some of this is undoubtedly due to poor glazing. 
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The members of the sash are hollow and there is a big leakage 
around the joints of the muntin bars. The wind gets in around 
the glass and travels through the hollow members until it reaches 
the open joints on the inside, the inside muntin caps being loose 
for glazing. By taking care to thoroughly bed the glass, a large 
amount of this leakage can be eliminated. 

We are now trying to determine an ideal leakage curve, real- 
izing that an absolutely airtight window is neither necessary 
nor financially practicable. If you will refer to Fig. 6 in the 
paper, you will see what can be done by good weatherstripping, 
as shown by curves G-36 and H-45, the former showing the total 
leakage of a first-class wood window, weatherstripped, and the 
latter a hollow metal window of the type installed in the build- 
ing referred to, after weatherstripping. We have just completed 
the weatherstripping of some 300 windows on the northerly and 
westerly sides of this building, and the results, thus far, indi- 
cate that the leakage trouble has been cured. We believe, there- 
foie, that the ideal leakage curve is somewhere between curves 
G-36 and H-45. Our present effort therefore is to persuade the 
metal window manufacturers to make a window whose leakage 
curve will fall inside this ideal curve. 

I think before we complete all our tests, we will be able to 
improve the leakage curves on many of the windows already 
tested. The manufacturers, many of them, are alive to the 
disadvantage of the hollow metal windows from a leakage stand- 
point, and are willing to co-operate to improve them. For ex- 
ample, we have recently completed the test of another window 
of the same type as C-13, and it has been greatly improved by 
a few minor changes, without increasing its cost. 

If the engineers will urge the need of reasonably tight win- 
dows, I think it will tend greatly to improve the whole indus- 
try, with benefit to the owner as well as to yourselves, by not 
having him suffer from inadequate heating. For this he usu- 
ally blames the engineer, because sufficient radiating surface 
was not supplied, but which is really due to faulty window con- 
struction. 


D. M. Quay: As [I stated last night, it is necessary to consider 
air leakage in any kind of heating problems. We have been 
taught to consider cubic contents as a factor, and most of the rules 
that we have had used the cubical contents as a factor with the 
glass and equivalent. This brings up the question of how much 
air leakage is to be allowed for. I am strongly of the opinion 
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that instead of considering this factor as contents we must con- 
sider it as “air leakage” because the air leakage very materially 
affects the contents and makes it necessary for it to be con- 
sidered. 


H. C. Meyer, Jr.: There is very little to say except that I do not 
think that we have given enough credit to Mr. Voorhees for 
the work he has done. The work was all his—I simply brought 
it before the Society. 

I do not consider that radiating surface is at all involved with 
cubic contents. I pay no attention to cubic contents with rooms 
of ordinary dimensions. In some classes of buildings, of course, 
it must be considered; stores and churches, for instance, where 
it is necessary to make provision for a certain amount of heat to 
warm the air after the building has been standing without heat. 
Personally I do not think that the factor of cubic contents 
amounts to much. 

Mr. Donnelly’s question as to a standard specification from 
our office, I do not quite understand. Certainly a specification 
has nothing to do with a method of calculating surface. An 
answer to Mr. Ohmes’ question might cover Mr. Donnelly’s, in 
a general way. Would it not be an interesting undertaking to 
take a floor of a building and have a number of engineers work 
up the radiation required in their own way and see what the 
results would be. Have Mr. Ohmes and Mr. Baldwin and Mr. 
Carpenter and as many others as are interested do this, as a 
comparison of methods. 

About the suggestion of a committee, it seems to me that when 
anything comes up that is not clear, the Society appoints a com- 
mittee on the subject. I do not think that this is a matter for 
a committee at all. There is only one thing to be done and 
that is we must insist on having tight windows, and a committee 
will not bring that about. The work that Mr. Voorhees is 
doing is in the line along which this work must be conducted. 
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TESTS ON THE RECIRCULATION OF 
WASHED AIR 


By G. L. Larson', Mapison, Wis. 
Non-Member 


INTRODUCTION 


N the light of more modern studies in ventilation it would 

I seem that the real explanation of the ill effects of bad ventilation 

is not to be found in the chemical composition of the atmos- 
phere breathed. The long debated idea that expired air contains or- 
ganic matter which is toxic has been abandoned by most physiolo- 
gists. 

The various phases of the chemical composition of air were 
discussed some time ago in a symposium on ventilation at the 
Chemist’s Club in New York City. 

There is unanimity among them regarding the chemical viti- 
ation of the air. Pure air contains nearly 21% of oxygen. This 
may be reduced to 17%, a proportion too small even to support 
ordinary combustion, before its diminution becomes harmful. 
Except in extreme conditions the amount of oxygen in the closest 
halls crowded with people practically never falls below 20%. 
Oxygen will therefore take care of itself and may probably be 
wholly left out of consideration in ventilating systems. We are 
reminded that it is necessary to go only a short distance up into 
the mountains to come under an atmospheric pressure such as to 
reduce the oxygen supply much more than it is reduced in 
crowded assemblies, and yet mountain air is especiafly healthful. 

The air, under usual conditions, contains about 4 parts of car- 
bon dioxide per ten thousand parts (0.04 per cent.) and the 
“standard” of desired purity for the air of dwellings was long ago 
placed as low as 6 parts per ten thousand. Experimentation in- 
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dicates, however, that it does not become harmful to man until the 
carbon dioxide accumulates to above one per cent., or nearly 
forty times its usual amount. The air in crowded rooms very 
rarely reaches 0.4 per cent., so that evidently a quantity of car- 
bon dioxide far exceeding the highest hygienic limit which has 
hitherto been set up as a “standard” can be breathed with impu- 
nity. It has also been stated that the bacteria in the air need not 
be considered in the problem of ventilation, since the comparative 
unimportance of the air as a vehicle of infection is becoming 
widely recognized. (See Journal of the American Medical Asso- 
ciation, “The Air as a Vehicle of Infection.” Feb. 7, 1914, p. 423.) 

In contrast with all the foregoing negative factors with respect 
to the discomfort or ill health hitherto associated with inadequate 
ventilation, we may now conclude with reasonable certainty that 
the symptoms of discomfort in a badly ventilated place are due 
to the physical condition of the air with respect to temperature, 
humidity and movement, and not to any chemical properties 
whatever. (The Journal of the American Medical Association, 
Nov. 7th, 1914.) 

The university engineers had the above points in mind in 
designing the ventilating systems of the Wisconsin High School, 
and the tests herein described were undertaken in order to ascer- 
tain the advisability of installing similar systems in the future 
buildings of the University. 

The system was designed by J. M. Smith, operating engineer 
of the University heating station, under the supervision of Prof. 
H. J. Thorkelson, Consulting Engineer for the University. 

The tests were undertaken especially with a view of throwing 
light upon the following questions : 

1. What constitutes good ventilation? 

2. Is proper ventilation a problem of supplying large volumes 
or merely a question of higher velocities with properly regulated 
humidity and temperatures? 

3. Does recirculation give efficient as well as economical ven- 
tilation ? 

4. What*is the effect of the washer upon the bacteria and 
carbon dioxide content of the air? 

The writer desires to express his thanks to Prof. H. J. Thorkel- 
son for his valuable advice and encouragement and to Prof. Wm. 
Black for his advice and assistance at various times. He is also 
indebted to Mr. J. M. Smith, operating engineer, and to Messrs. 
Jauer and Blanding, of the senior class in Mechanical Engineer- 
ing, for valuable assistance rendered in preparing for and conduct- 
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ing the tests. The writer desires especially to express his thanks 
to Mr. E. J. Tully, Chemist, State Laboratory of Hygiene, for his 
hearty co-operation and valuable assistance in conducting the 
bacteria tests. 


DESCRIPTION OF BUILDING AND EQUIPMENT 


In preparation for the tests herein recorded some preliminary 
tests were made on a small air washer and recirculating system 
which was built for experimental purposes and installed in one 
of the rooms in the Engineering Building. With this apparatus 
it was almost impossible to duplicate conditions as found in prac- 
tice and as the tests were of a preliminary nature only, their 
results will not be recorded in this treatise. 

The tests which will be described here were made at the Uni- 
versity of Wisconsin High School. This is the newest of the 
buildings on the Wisconsin Campus, being used for the first time 
at the beginning of the present school year. Fig. 1 shows a 
view of this building. It is substantially built of Bedford stone 
and pressed brick, and equipped with steel window frames and 
sash. Each window has at least one venting panel and the win- 
dows in the first, second and third stories have two such panels. 

These panels are designed with double contacts to insure clos- 
ing exactly to prevent the passage of air. Only the south and 
middle portions of the building have been constructed, the north 
wall being left in a condition to facilitate future extension. 


SYSTEM OF HEATING 


The building is heated with 8,530 square feet of direct radia- 
tion with the addition of 516 square feet of indirect radiation 
placed between the washer and the fan. The system is of the 
one pipe, direct steam type throughout. The direct radiators are 
of the Peerless pattern and they are supported on the walls by 
iron brackets. The indirect radiators are of the Vento cast iron 
type. This indirect radiation consists of four radiators set two 
radiators high and two wide and valved with hand valves in such a 
manner that one, two, three or all the radiators may be used as 
needed. The radiators are placed at such a height that ample 
space is left beneath them for by-passing the air to the fan. 

All of the radiators in the building, including the indirect coils 
and by-pass damper, are controlled by the National automatic 
temperature control system. All air controlled valves on radia- 
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tors are equipped with hand screw and lock shield stems for 
permitting the valves to be closed by hand, so that in mild 
weather any of these radiators may be cut out. 

Steam is delivered to the building through a tunnel from the 
University heating plant. 


SYSTEM OF VENTILATION 


The ventilation of the building consists of a blast fan dis- 
charging through ducts on the ceiling of the basement and rising 
to the rooms to be ventilated, entering the rooms near the ceil- 
ing. The vent ducts leave the rooms near the floor and are 
carried down to a system of tunnels below the basement floor 
which carry the air back to the fan through an air washer and 
indirect radiators. A sliding adjustable door is provided in the 
housing ahead of the air washer for the admission of outside 
air when necessary. 

The toilet rooms are ventilated by a system of exhaust venti- 
lation consisting of an exhaust fan in the attic and a system of 
ducts leading from the toilet rooms to the fan with a connection 
to each closet fixture. 

The ventilation of the Chemical Laboratory consists of an ex- 
haust fan in the attic with a duct leading to the Chemical Labora- 
tory on the third floor. This duct has a register at both the floor 
and the ceiling. The exhaust fans discharge through Globe vents 
on the roof. 

The general ventilation of the building is furnished by a No. 13 
multivane blast fan rated at 165 R. P. M. direct connected to a 
10 H. P. 500 volt direct current motor. The fan is rated to de- 
liver 32,400 cubic feet per minute against a pressure of 34 of an 
inch of water. The speed of the motor can be varied by field con- 
trol. 

The air washer is a Thomas “Acme” type. This washer con- 
sists of a spray chamber equipped with sufficient spray nozzles 
of approved type, a settling tank supplied with a float valve 
connected to the University water main to maintain the water 
level, and also an overflow and drain pipe connected to the sewer. 
It is equipped with a centrifugal pump which takes its suction 
from the settling tank and discharges through a basket strainer, 
to the spray nozzles. The eliminators are of the vertical type. 
The pump is direct connected to a 500 volt direct connected 
motor. 
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The entire system is designed with the view of future enlarge- 
ment of the building and the capacity of the apparatus is suffi- 
cient to supply the entire building when completed. The ducts 
and tunnels are arranged so that the future wing of the building 
can be connected directly to the present system. 


DESCRIPTION OF THE APPARATUS AND METHODS USED 
Steam and Power Consumption Tests 


The condensed steam from the building was taken directly 
from the steam traps and weighed. The condensate from the 
traps was at a temperature of about 210 degrees and it became 

















FIG, 2. THE ARRANGEMENT OF BARRELS AND SCALES USED IN THE TESTS 
’ 

necessary to run it through a condenser barrel to prevent loss 
from evaporation. Fig. 2 is a view of the arrangement of bar- 
rels and scales used. Fig. 3 is the same view with the barrels 
and scales removed to show the condenser barrel and the steam 
traps. This view also shows the main steam line entering the 
building from the tunnel and the return piping. Calibrated me- 
ters of a standard make were used to measure the power con- 
sumption of the fan and washer motors. 

No particular difficulty was experienced in weighing the con- 
densate except that it was impossible to get a steady and uniform 
flow. This was undoubtedly due to the intermittent action of 
the thermostats and possibly, in some degree, to sticking of the 
steam traps. 
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AIR MEASURING APPARATUS 


An anemometer was used to measure the air velocities. Since 
these instruments are often very unreliable great care was taken 
to calibrate it properly. A special apparatus was built for per- 
forming this calibration. It consists of a stand with a movable 
arm of such a radius that the anemometer moves around a circle 
twenty feet in circumference with one revolution of the arm. By 
means of a belt and pulleys any speed desired can be obtained. A 
lever arm on top of the stand is for starting and stopping the 
recording mechanism of the anemometer when the movable arm 
which carries the anemometer is in motion. 




















FIG. 3. VIEW OF THE CONDENSER BARREL AND THE STEAM TRAPS 


Considerable difficulty was met in getting the true volume of 
the air entering the rooms. This will be explained later. 


CARBON DIOXIDE APPARATUS 


Haldane’s portable apparatus was used to measure the carbon 
dioxide contained in the air. This apparatus is easily operated, 
and, while it is not the most accurate one on the market for 
measuring small amounts of carbon dioxide, it is accurate enough 
for most conditions met with in practice. 

Haldane, in his book, “Methods of Air Analysis,” states that 
his portable carbon dioxide apparatus will not vary more than 
one-half of one part in ten thousand either side of the correct 
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result. The writer checked the apparatus at various times by 
measuring the carbon dioxide contained in the outside air, and 
at no time did the readings vary more than the above mentioned 
It is safe to say that even with a little practice, read- 
ings can be obtained which will not vary more than one part in 


ten thousand either side of the correct result. 


amount. 


Two different methods were used to obtain a count of the 
number of bacteria in the air. The first consisted of drawing a 
measured amount of air through a sugar or sand filter. No con- 
sistent results were obtained from the use of sugar filters. The 
moisture in the air caused the sugar to stick to the inside of 
the filter tubes and it was removed with considerable difficulty. 
The time required to take samples varied very greatly with the 
sugar filters. 

The sand filters gave very consistent results as will be seen 
later. 

The second method consisted in the use of Petrie dishes and 
most of the bacteria tests were made in this way. 


rooms. 


The air currents were also traced by using very light stream- 
ers of silk floss. This method proved very successful as very 
slight air currents can be traced in this way. 
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APPARATUS FOR BACTERIA TESTS 


APPARATUS FOR TRACING AIR CURRENTS 





Several methods were used for tracing the air currents in the 
The common method of using ammonia and tumeric 
paper was tried but the change in color of the tumeric paper from 
yellow to pink was so gradual that it was next to impossible to 
tell when the action commenced. Both of the other methods 
used were quite successful. 


Instead of using ammonia and tumeric paper, hydrogen sul- 
phide and lead acetate were used. A rubber tube from the hydro- 
gen sulphide generator was placed in the incoming duct and filter 
papers dipped in lead acetate were placed in various parts of the 
room. The filter papers turned black almost immediately upon 
coming in contact with the hydrogen sulphide gas. The odor 
of the hydrogen sulphide gas makes it inconvenient to use it, 
but on the whole it is fully as satisfactory as ammonia. 
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OBSERVATIONS 
Air Measurements 


As has been stated before, considerable difficulty was met with 
in getting the true volume of air entering the rooms. 

Readings were taken at the ducts leading to the gymnasium. 
First a series of readings were taken at the register and then the 
register was removed and another set of readings taken holding 
the anemometer horizontally in the vertical duct leading to the 
room. The readings at the register showed an average of 482 
feet per minute and those in the duct showed an average of 810 
feet per minute. 
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AIR FLOW 


The registers are unusually heavy and the net area of the par- 
ticular size in the gymnasium is only 96% of the area of the 
vertical duct leading to the room. Therefore the velocity through 
the register should check very closely with the velocity in the 
duct, which is very far from being the case as shown above. 

Further readings were taken in a room which had a horizontal 
duct leading to it so that the anemometer could be left standing 
in the duct and readings taken after the register had been re- 
placed. 

In this room the velocity at the register was 386 ft. per minute; 
the velocity in the duct, with the register removed, was 944 ft. 
per minute; and the velocity in the duct after the register was 
replaced was 828 ft. per minute. In this room the net area of the 
register is 88% of the area of the duct leading to the room. Note 
that the ratio of velocities in the duct, with and without the 
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register in place, is 828/944 or 87.7%. Asa check upon the above, 
readings of a similar nature were taken in another room. This 
room also had a horizontal duct leading to it so that the anemom- 
eter could be placed in the duct behind the register. Here the 
ratio of the velocities in the duct with and without the register 
in place was 86.8% and the ratio of the velocity at the register 
to that in the duct was only 35.7%. The net area of the register 
was 88% of the area of the duct. 














FIG. 5. REGISTER ARRANGEMENT IN ONE OF THE ROOMS 
These tests show conclusively that the register deflected the 
air currents in such a manner as to give velocity values which 
were very much lower than the actual values, and that readings 
taken with the anemometer placed against the register are abso- 
lutely unreliable. 

Fig. 4 is a sketch of a portion of one of the registers. They are 
made of pressed steel and the section at AB shows the form of the 
stampings. 

The concave surface of the meshes will of course set up swirls 
in the air current but it would only be a guess to say what gen- 
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eral direction they would take. As in hydraulic work, there will 
probably be a contraction of the air current after it has passed 
between the meshes. 

But in accounting for the low velocities obtained when the ane- 
mometer was held against the register face, it must be borne in 
mind that an anemometer is calibrated under conditions where 


TABLE 1. RESULTS OF VELOCITY MEASUREMENTS IN ALL ROOMS 


VENTILATION TEST 
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the air strikes with equal intensity over the entire surface of the 
vanes. 

In a register such as the above, 56% of the face is composed of 
the meshes. 

These meshes create a great number of dead air spaces, and, 
while the velocity through the meshes ‘may be the same as the 
velocity in the riser, the anemometer will not show it because the 
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vane area affected is much less than the vane area affected under 
calibrating conditions. 

Velocity measurements were taken in all rooms. The results 
are tabulated in Table I. The registers were removed in each 
case and enough readings taken in the duct to give a fair average. 
The volumes were obtained by multiplying this average velocity 
by the net area of the register. That this method gives a fair 
value was shown later by velocity measurements taken at the 
suction side of the fan and in the two return tunnels from the 
rooms. Referring to Table I, it will be seen that the total volume 
supplied to all the rooms was 15,241 cubic feet per minute. The 
readings taken at the suction side of the fan gave a volume of 
15,000 cubic feet per minute and the readings in the return tunnels 
gave a volume of 14,120 cubic feet per minute. 

Table I shows that the velocity of the air entering the rooms 
ranged from 139 to 918 feet per minute with an average of 607 
feet per minute. This average is about double the velocity 
usually recommended and in the opinion of the writer it is one 
of the desirable features of the system. 

The volume of air supplied per student is low compared: with 
the amount that would have to be supplied on the old basis of 
keeping the carbon dioxide content down to six parts in ten 
thousand. The cubic feet of air per student varies from 5.8 to 
25.5 with an average of 13.6. 

This seems low to one accustomed to the old figure of 30 cubic 
feet of air per student per minute but the air in the rooms always 
seemed fresh and clean and the amount supplied was apparently 
ample. (See questionaire submitted to the teachers in the build- 
ing.) 

STEAM CONSUMPTION TESTS 

Three steam consumption tests were made, of 24, 24 and 27 
hours’ duration, respectively. 

The condensed steam was weighed every fifteen minutes and 
all temperature readings were taken every half hour. Power 
readings and humidity readings were also taken every half hour. 
The summarized steam weights and temperatures are given in 
Tables II, II] and IV. Figs. 6, % and 8 are graphical logs 
plotted from Tables II, III and IV. The vento heaters in the 
housing were not in use during any of the tests. There was no 
steam on them and the condensation weighed from them was 
only leakage through the valves. 

Test No. 1 was started at 7:00 A. M., February 2nd, and con- 
tinued to 7:00 A. M., February 3rd. February 2nd was dark and 





























































































































226 Tests ON THE RECIRCULATION OF WasHED AiR 
TABLE IFA 
FAN ann Air WasHer Loe 
FROM 730 AM TOS 3OPM. Fep.2 IS Test Noi 
Moror Loas FAN AND WASHER LOG 
FAN Moror fistoe TEMPERATURES HUMIDITY 
a 0 0 Beroee WASHING AFTER WASHING Oy ae g 
eg} aie]' | pepe tepetecles| 81 bbs 
r 2 k 
eeeeeanieaeiey fa {53 [hg [58 LS 
7:30} 173 | 507] 7a | 345 
8:00] 177 | S82 | BO | 395} Sé 655 575 | Go | 6O5| Se | 55 a4 
630] 172 | S08} 79 | 390/ 565 65 58 |6o | 605] S57 | S59 8° 
9:00] 1735 | S30 | 60 | 425 €05| 58 
2:30] 173 | 525} 815 | 430] 59 |.S6.5/ 67 [cs |58 | 60 | 6a5/ 58 | 62 | 6 | 89 
10:00] 172 | SiS | 77 | 428] SS 1.5725] 67 |<e | ses] 60 | 60 | 57 | 62 | 6o | 92. 
10:30] 173 | S00 | 2S | 4.25) S9 |58. | 675| 665/59 | 6as| 6o | 5B | Go| ©° | 92 
1noo| 174 | S512 | Bo | 450] SS 158 | 675/665) 59 | 605/ 615/59 | Go | 60 | 52 
30] 175 |Si8 | 76 | 445) 59 | 5a 167 |665/|5> |c05/ 6.5/ 58 | 62 | Co | oz 
12:00] 173 | S20] 7e | 460] SS |.5a5|67 | 665 | 595/ 61.0} 615 | SS | G2 | 62 | D2 
i2°30| 173 | Soo| 6.0 | 450] S59 | 585| 67 | 665/59 | Ga5/| 65/59 | G2 | 6o | 92 
oo} 17! |sus | 7S | 450] Sasi se. | 665) 665/59 | €05/ 65| S59 | G2 | 62 | Oz 
so] 172 | S20} 60 | 450/ 595) 58 |675/| 665/585} GO | 615| 58 | 62: | G2 | 92 
2:00] 174 | 530] 80 | 455/525] S85| 67 | ce | 585) 595| 615/ 5as) 64.) 65 | 94 
2:30] 172 |.s2z0| 75 | 445] se. | so. |6e | 67 |59 | 60 | 615] 5a | 62 | 62 | 94 
3:00] 174 | Sio | 80 | 455/ Sas} S®. | Ge | 665/59 | Go | GIS| 57 | 64 | 64 | 94 
3:30] 174 |.512 | 8.0 |455| 56 | 59 | 6é | 67 | Go | © | GI5| 59 | 64 | 64 | 94 
Ave. | 173 | S16 | 785] 433] 585] 58.2] 666] 666/58 7| €0.5| €0.9/56.0] 65) 61.7] 16 
TABLE IIFA 
FAN AND AIR WASHER Loa 
FROM 7S0AM To 330PM. FeB 26./915 Test No.2 
Motor Loas FAN AND WASHER Loa 
Fan Motor fur TEMPERATURES Humidity 
o/8/ 2 oe Sol wtlo 2 
vf ils FaERE HARE 
|] 6 g H baits 
ela|>|2 bias &g| $5] 83/88 
7:30) 170 |512 | 7.9 [3.45] 53 | 65 | 54 |58 | 60/55 | 44 | 77 
8:00] 170 | 512 | 7.6 | 4.05| 54 | 65 | Se | 5A | 60 | 55 | 48 | 89 
8:30] 175 | SIS | 78|420 5eé 
9:00] 175 | 51S | 82 | 435) S@ | 66 |. 5A | SO | Go | 57 | 57 | 94 
930] 172 | 507 | 77 | 450 
1:00| 174 | 525| 6.0 | 4.65) 575] 655/55 | 60 | GO | 59 | 62 | 94 
10:30] 173 | 52S | BO | 465 
11:00) 175 | S25| 6! |475| 58|6S5| éo | 60 | 60 | 8 | 64 |i00 
11:30] 174 | S10 | 79 | 470 
i2:00] 173 | S0S| 7.9 | 465| 58 | ce | 597/ 60 | 60 |. 58 | 62 | 98 
12:30] 173 | Sio | 64 1475 
00] 174 | 520'| 8.0 |4.80| Sa | 66° | S9:7| GO | 6O | 58 | 62 | 98 
1:30] 175 | 525| 8&0 | 475 
200] 174 | S7S| &2 | S00] 58 | 66 | 5AS/| Go | GO | 5D | G2 | 97 
230) 176|525/| &S | 520 
300] 175 | 520 | 82 | 500| Sa | 66 |595| 6o | €0'| SS | E62 | 97 
3301 176 | 525182 | 500 | 6 | 60 | 60| 52 | €2 |100 
Ave. | 174/516 | 80 ‘adi sod apclansionsl oo 575| 585 |944 
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cloudy and there was not much temperature variation during the 
twenty-four hours. The highest average outside temperature 
was 29.6° and the lowest was 22.1° with an average of 26.6°. 
The average inside temperature was 67.1° and the average 
pounds of steam per hour per degree difference in temperature 
between the outside and inside was 24.1. The graphical log shows 
clearly the relation between the hourly steam consumption and 
the outside temperature. Notice the effect of the fan upon the 
steam rate curve. There was a sudden decrease in steam con- 
sumption soon after the fan started and an increase immediately 
after the fan was stopped. This is also shown in the curve of 
steam consumption per hour per degree difference. 


In all three tests there are irregularities in the steam consump- 
tion curve which can only be accounted for as resulting from the 
intermittent action of the thermostats, or from lack of positive 
action in the steam traps. At times the condensed steam would 
almost cease to flow and then would suddenly flow out in large 
quantities. If these high points were spread out over several 
readings preceding them the curve would give a better idea of 
the actual relations existing. 

For a more technical discussion of the exact results of these 
tests see Chapter on “Calculations.” 

Test No. 1 showed such a decided drop in steam consumption 
after the fan had started that it was thought advisable to check 
the results with a duplicate run. In Test No. 1 the fan was start- 
ed thirty minutes after the test was started and it was impossible 
to tell just what effect it had on the general shape of the curve. 
To overcome this difficulty the second test was started 12% 
hours before the fan was started. 

Test No. 2 was started 7:00 P. M. February 27th and continued 
to 7:00 P. M. February 28th. February 27th was a bright and 
sunny day as was also February 28th. The average outside tempera- 
ture ranged from 17.9° to 39.4° with a total average of 26°. The 
extreme range of the outside thermometers varied from a mini- 
mum of 16.5° to a maximum of 50°. The average inside tem- 
perature (inside wall) was 66.8 degrees and the average pounds 
of steam per hour per degree difference was 17.2. The graphical 
log shows the effect of the fan on the steam consumption. There 
was a small drop in steam consumption due to the fan but not 
nearly as much as was shown in Test No. 1. In Test No. 2 the 
steam consumption continued to decrease after the fan had stop- 
ped. This is probably due to the fact that the average outside 
temperature curve was still rising and that the walls must have 
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absorbed considerable heat from the high temperature on the 
sunny side in the afternoon. 

In the test just described thermometers were hung in the 
middle of the rooms as well as near the inside wall of the rooms. 
It is interesting to note the effect of the fan upon the heat distribu- 
tion as shown by these thermometers. It can be seen from the 
graphical log that the temperatures in the middle of the rooms 
averaged more than two degrees lower than the temperatures 
near the inside walls during the time the fan was not in opera- 
tion. These temperatures became nearly equal shortly after the 
fan had started. 

In the two tests just described the fan was operated only during 
the time that the building was full of students. To eliminate the 
possibility that the decrease in steam consumption resultea 
from the animal heat of the students, a third test was run at a 
time when the building was unoccupied. 

This test, No. 3, was started at 8:15 P. M., March 3rd, and con- 
tinued to 11:15 P. M., March 4th. The outside weather condi- 
tions were almost an exact duplicate of the conditions when 
Test No. 1 was made. The average outside temperature ranged 
from 23.6° to 31.8° with a mean of 27°. The average inside tem- 
perature for the run was 65:3° and the average steam consump- 
tion per degree difference per hour was 22.1. The fan was started 
at midnight and stopped the following evening at 8:15 P. M. 
No definite decrease in steam consumption is shown by the curves 
when the fan was started but they do show a decided increase 
immediately after the fan was stopped. 

All three tests show a decided decrease in steam consumption 
during the time the fan was in operation. Test No. 3 shows 
more than Test No. 2 but not as much as Test No. 1. For the 
exact percentages see the chapter on “Calculations.” 


HUMIDITY TESTS 


All humidity measurements in the various rooms were made 
with a sling psychrometer of the pattern recommended by the 
U. S. Weather Bureau. The humidity tests made on the air 
entering and leaving the washer were made with a Hygrodeik 
which had been checked with the sling psychrometer. 

The relative humidity in the various rooms as shown in Table I 
was taken on one of the coldest days in the winter. It varied 
greatly in the various rooms but the average for the entire build- 
ing was 44%. The humidity of the air as it enters the washer 
can be taken as the average humidity of all the rooms. That 
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this assumption is correct is shown by the following measure- 
ments taken in some of the rooms on the day steam consumption 
Test No. 1 was made. 


Room Number Wet Bulb Dry Bulb Humidity 
Gymnasium .......... 58.3 63.5 74 
meem Ho. 30......... 54.5 65 50 
Room No. 108......... 59 69 55 
Room No. 209......... 59 65 70 
ae 61.7 69 66 
Room No. 309......... 55.5 66 51 
Room No. 311......... 57.5 64.5 66 
Room No. 211......... 60 69 59 
Room No. 107......... 58.5 67 60 
END os ek csadscans 28.2 66.4 61.2 


The average humidity of all the above rooms was 61.2% as 
compared with 61.6% in the air entering the washer. In Test 
No. 2 the average humidity of the air entering the washer was 
58.5%, and in Test No. 3 it was 61.5%. In each case the air had 
a relative humidity of about 95% as it left the washer. 

There can be no doubt but that a reasonably high humidity has 
a very beneficial effect upon the quality of the air. It not only 
improves the quality of the air for breathing but it makes it pos- 
sible to keep the rooms at a much lower temperature. An inspec- 
tion of any of the temperature log sheets will show that the 
average temperature was rarely above 67°, and often it was below 
65° in some of ‘the rooms, without a single complaint being regis- 
tered. 

The temperature of the air leaving the washer was usually 
about 60°. A series of temperature measurements taken in the 
registers of the various rooms showed that the air entering the 
rooms was also 60°. At first glance one would say that this was 
too cold. As a matter of fact it proved to be a benefit rather 
than a detriment, as it seemed to give more life to the air in the 
rooms and at the same time did not cause any uncomfortable 
draughts as would be expected. 

This test was made on March 30th, when the weather was 
quite mild. No test has been made during the summer so that the 
writer is unable to state what entering temperature might be 
expected if recirculation is resorted to during the summer months. 
However, in view of the fact that the air entered at 60° on a 
comparatively mild day, it is not likely that the temperature 
would reach an unreasonable value during the warmer months. 
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CARBON DIOXIDE TESTS 


The following carbon dioxide tests were made on the two 
sides of the washer and in the various rooms mentioned. 

Tests on air entering washer December 14th. 3:20 P. M.: 
Sample No. 1 showed 11 parts carbon dioxide in 10,000. 
Sample No. 2 showed 10 parts carbon dioxide in 10,000. 

Tests on air leaving washer December 14th. 3:35 P. M. 
Sample No. 1 showed 6 parts carbon dioxide in 10,000. 
Sample No. 2 showed 6 parts carbon dioxide in 10,000. 

The tests tabulated below were made December 16th. 


TESTS ON AIR ENTERING THE WASHER 


SE eT 10:45 10:55 11:04 2:45 2:56 Average 
Parts in 10,000...... 8 6 8 10 Mm .°*: & 


TESTS ON AIR LEAVING THE WASHER 


2 ere 10:15 11:20 11:30 11:42 11:53 2:15 2:30 Average 
Parts in 10,000 10 9 7 8 9 8 6 8.14 
On January 12th the following results were obtained: 

Sample No. 1 taken 9:55 A. M. on the air after being washed 
showed 6 parts in 10,000. 

Sample No. 2 taken 10:05 A. M. on the air after being washed 
showed 7 parts in 10,000. 

Sample No. 3 taken 10:25 A. M. on the air before being washed 
showed 9 parts in 10,000. 

Sample No. 4 taken 10:40 A. M. on the air before being washed 
showed 9 parts in 10,000. 

Sample No. 5 taken 10:53 A. M. on the air before being washed 
showed 8 parts in 10,000. 

An average of the above set of readings gives 6.5 parts in 
10,000 after washing and 8.66 parts in 10,000 before washing. 

The above tests lead to the conclusion that the washer water 
absorbs a part of the carbon dioxide brought from the rooms by 
the air. It is impossible to say just what this rate of absorption 
is as the results varied considerably and the readings were not 
taken on the two sides of the washer at exactly the same time. 
More work needs to be done along this line. 

Tests were also made on the air in some of the rooms. In 
room No. 311 a sample was taken while the class was in the 
room and it contained 15 parts of carbon dioxide while a sample 
taken seven minutes after the class had left the room showed 13 
parts of carbon dioxide in 10,000. 
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On February 26th samples were taken in room No. 211 while 
19 students were in the room. The first sample showed 15 parts, 
the second 13 parts, and the third 13 parts of carbon dioxide in 
10,000. These tests were made in the afternoon, the room having 
been in use all day. 

On this same day samples were also taken in the auditorium 
near the close of an assembly period, and while there were 250 
students in the room. The three samples taken showed 15, 20 and 
17 parts of carbon dioxide, respectively. 

The carbon dioxide content shown by the above tests is con- 
siderably higher than would be considered good practice accord- 
ing to the old standard of 6 parts in 10,000, but it is lower than 
would be expected in view of the fact that all the air is recircu- 
lated and none is taken from the outside except the usual unavoid- 
able leakage. As far as could be detected the above amounts 
of carbon dioxide had no detrimental effect upon the quality of 
the air in the rooms. The air seemed fresh and clean and no 
odors were detected. 


THE AIR WASHER AS A DUST REMOVER 


No actual dust counts were taken on the washer but it was 
readily seen that it was quite efficient in this respect. At the 
end of a week’s run the washer water was found to be very dirty 
and considerable sediment was found on the bottom of the tank. 
However, the writer doubts very much the claims made by most 
washer manufacturers to the effect that their washers will remove 
98% of the solid matter in the air. 


BACTERIA TESTS 


These tests showed some startling and unexpected results. 
When using recirculated water the washer supplied bacteria to 
the air instead of removing them and even when using new water 
continuously it did not show any marked efficiency as a bacteria 
remover. These results are directly contrary to the results re- 
ported by G. C. Whipple and M. C. Whipple of Harvard. (See 
the American Journal of Public Health, 1913, Vol. 23, pp. 1138- 
1153.) 

The tabulated results of the tests are given in the following 
tables: Table V shows the results obtained with the use of sand 
and sugar filters. No conclusive results were obtained using 
sugar filters, probably due to the trouble mentioned -previously 
in the description of the apparatus. On an average, the sugar 
filters showed about the same number of bacteria on each side 
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FIG, 9. PLAN OF FAN AND WASHER, SHOWING WHERE BACTERIA TESTS 
WERE TAKEN 
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of the washer but tk: highest number would appear on one side 
of the washer in one test and on the opposite side in the next. 
The sand filters showed conclusively that the washer delivered 
bacteria to the air. The four sand filter tests checked each other 
very closely and showed an increase of bacteria in a ratio of 
about two to one. At the same time that the sand filter tests 























TABLE V 
BAcTERIA Tests On Air WASHER 
ALL qeses y et with SuGAR FILTERS 
7 £ | Air BEFORE WASHING AIR AFTER WASHING 
Eee] 3 i siliel Al} [il gileals Le 
e | 35| S/H /Es El 3 Geel t BESS] @ ee 
4 F : # 33 os Foe e |r a3 d§ 2 lrg? 
anS| S Bera] 10. 2 42 |zasozsa io | 4 4 
JanG| S |s0r320) ti 4 4 izar-2sai i3 3 3 
Wan?) S esozs3) 13 | | 1 js0es3 8 | O ° 
wane! S Biesza 8 7 7 |zsr305| 8 ' i 
anil! 10 jzsc3e 36 | 4 4 paesso] 16 | O ° 
UANI2| 10 (2665008) 14 ' 1 jza2z4s it ° re) 
WANIS| 10 [e753 18 | O © poeas|i1 | O ° 
5 WANI4| 10 [sess 22 | & S |zsomy23 | 3 3 
= AMIS) 10 jeoezes] 5B | O © psexs7/45/ 5 3 
} ANZ 10 psozs2 22 26 | 2 | 27 |ezsozs2| 22 21oj/e2 
2 N26) 10 |248su1| 23 21 ' 22 \e4esi| 23 rT oj 
WnzZ7| 10 jesrazel Sé i2 | w | 23 jeseses) si 20 | © | 20 
{ Lanza so] | S! |zz9-209| 50 20 | Oo | 20 
Fs UAN23) zs | 4 | 29 lzsoms 45 10 | o 110 
Fee! 25 | o | 25 |zaxa9] 36 39 | o | 39 
Fea2 10 ° 10 |230-ans 35 40 | o | 40 
reas 45 |; 0 45 |is€z75 3! 198 | 2 |200 
Fes.4 oe 2 & |za2-325 45 16 ' 17 
i Fees 30 | 2 | 32 |s00329 25 70| 4 | 74 
do (ree?) 33 | © | 33 235300) 25 60] 2 | €2 
of 3i \ 32 Ps5320 25 57| 2 | 59 
Pe 36 | © | 36 |z45-z0) 25 66] oO | 6 















































ners 
Tre SAMPLE OF THE AIR BEFORE WASHING ON JANUARY S™ WAS 
TAKEN OIMECTLY IN FRONT OF THE WASHER AND EVIDENTLY WATER FROM 
THE WAGHER SPLAGHED INTO THE FILTER TUBE. ALL OTHER SAMPLES 
OF Tre AIR BEFORE WAGErFING WERE TAKEN IN THE RETURN OUCTS WHERE 
'T WAS IMPOSSIBLE FOR THE WASHER WATER TO REACH THEM 


THE WASHER WATER WAS CHANGED WEEKLY. 
were taken,.a series of Petrie plates were exposed for the same 
length of time on each side of the washer. These also show 
conclusively that the number of bacteria in the air is increased 
by the washer, but at a very much higher ratio than shown by 
the sand filters. ‘he results of the tests with Petrie dishes are 
tabulated in Table VI. Fig. 9 is a plan of the washer and 
fan housing showing where the bacteria plates were exposed. The 
writer is unable to state just why the plates should show such a 
greater ratio above what shown by the sand filters. It can not be 
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TasBce VI 
BAcTERIA TESTS ON AIR WASHER 
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wholly explained from the different air velocities on the two sides 
of the washer. The average velocity of the air entering the fan 
was 940 feet per minute. The average velocity on the other side 
of the washer was 564 feet per minute in the north duct and 813 
feet per minute in the south duct, and it can be easily seen that 
this will not account for all of the difference. 


The tests show no appreciable decrease in bacteria due to the 


washer water being changed each. Monday. 


Evidently the wash- 
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er walls were covered with bacteria from the water used the 
previous week and hence the high count at the beginning of the 
following week. After March 16th fresh water was used con- 
tinuously in the washer and tests were again taken March 25th 
and April 1st. These tests show an enormous decrease in the 
number of bacteria leaving the washer, but still most of the 
bacteria which came to the washer went through it. 

After April Ist the water was changed daily and tests under 
these conditions were made on April 16th and April 23rd. The 
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results show no advantage in changing the water daily as the 
number of bacteria leaving the washer is almost as great as when 
the water was only changed weekly. 

As a check upon the above results, Petrie plates were also ex- 
posed at the inlet and outlet registers of some of the rooms. 
Table VIII is a tabulation of these results. All of them show 
more bacteria coming into the rooms than going out. 

Bacteria tests were also taken on the washer water. Table VII 
shows the multiplication of bacteria in the water when it is recir- 
culated for a week and Fig. 10 shows the same in the form of a 


curve. 
Table IX shows the results of plates exposed to the outside air. 
These were taken in comparatively still air and, when comparing 








XUM 


Tests ON THE REcIRCULATION oF WasHED AiR 241 


them with the plates exposed in the ducts; the air velocity should 
be taken into consideration. 

Fig. 11 is a photograph of two of the plates taken when the 
washer water was being recirculated for a week. No. 2 was 
exposed to the air after it had passed through the washer, and 
No. 3 was exposed to the air before it had passed through the 
washer. 

Fig. 12 is a photograph of three plates taken after fresh 
water had been used continuously for ten days in the washer. 
No. 4 was exposed to the outside air. No. 5 was exposed to the 
air after it had passed through the washer, and No. 6 was ex- 
posed to the air before it had passed through the washer. All 
three were thirty minute exposures. 

Fig. 13 is a photograph of three plates exposed after the 
washer water had been changed daily for ten days. No. 7 was 
exposed to the air before it had passed through the washer. 
No. 8 was exposed to the air after it had passed through the 
washer, and No. 9 was exposed to the outdoor air for the same 
length of time. 


CALCULATIONS 
CALCULATION OF WATER EVAPORATED IN WASHER 

The figures used below are average values from a six hour test that was 
made to ascertain the amount of water used by the washer: 

North Duct: Temperature of air 69.5 deg. Humidity 78 per cent. The 
weight of water vapor per cubic foot at 69.5 deg. and 78 per cent. humidity is 
6.1252 grains. 

South Duct: Temperature of air 70.3 deg. Humidity 72 per cent. The 
weight of water vapor per cubic foot at 70.3 deg. and 72 per cent. humidity 
is 5.801 grains. . 

AFTER WASHING 

Temperature of air, 65 deg. Humidity, 98 per cent, The weight of water 
vapor per cu. ft. at 65 deg. and 98 per cent. humidity, 6.6466 grains. 

The weight of water vapor gained by air from North Duct is 6.6466 — 
6.1252 = 0.5214 grains per cu. ft. 

The weight of water vapor gained by air from South Duct is 6.6466 — 5.801 
= 0.8456 grains per cu. ft. 

Cu. ft. of air per minute passing through the North Duct, 5,780. 

Cu. ft. of air per minute passing through the South Duct, 8,340. 

Total weight of water gained by air from North Duct = 


5780 x 60 x 0.5214 
—= 3.1 gal. per hour. 





7000 x 8.3356 
Total weight of water gained by air from South Duct = 
7000 x 8.3356 
8340 x 60 x 0.8456 
Total weight of water given to air by washer under above conditions of 
temperature and humidity = 3.1 + 7.25 = 10.35 gal. per hour. 





= 7.25 gal. per hour. 
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The washer tank dimensions are 8 x 5 x 1.25 ft. It was found by measure- 
ment that the water level decreased 2 in. in six hours, the make up water 
being shut off. Therefore, by actual measurement the water given to the 
air by the washer under the above conditions was 8 x 5 x 2/12 x 75 = 8.34 
gal. per hour. 

The discrepancy between the pounds of water actually measured and the 
pounds of water calculated from the humidity tables is probably due to the 
inaccuracy of humidity measurement. 

The weight of washer water was obtained at the same time the above 
humidity measurements were taken. From these figures an interesting check 
on the volume of air passing through the washer can be made. 

The average temperature drop in the air going through the washer was 
4.9 deg. and the weight evaporated was 8.34 gal. per hour. 

8.34 x 8.3356 = 69.52 lb. per hour. 

The temperature of the washer water was 64 deg. and the latent heat of 
vaporization at 64 deg. is 1,056 B. t. u. 

The volume of air which will be cooled 4.9 deg. by the evaporation of 
69.52 lb. of water is approximately 


69.52 x 55 x 1056 r . 
90 13,750 cu. ft. per minute. 


COST OF WATER FOR AIR WASHING 


To get the cost of air washing it is assumed that the cost of water is five 
cents per thousand gallons, as estimated by Mr. J. M. Smith from his cost 
data of operating University pumping plant, and that the washer is in service 
eight hours a day and five days a week. It is also assumed that, under the 
average running conditions, the air passing through the washer absorbs 10 
gal. of water per hour and that the tank is filled to a depth of ten inches each 
time a change of water is made. 

Make up water is admitted to the tank by a float valve. 

Condition No. 1g Washer water recirculated for a week, beginning with 
fresh water each Monday morning. Cost of water per week: 

10 05 
[8x5x—x7.5+ 10x8x 5] x —— ='900325 
12 1000 

Condition No. 2: Washer water recirculated for 8 hours, beginning with 
fresh water each morning. Cost of water per week: 

10 05 
[(8x5x—x/7.5)x5+10x8x5] x —— = $0.0825. 
12 1000 

Condition No. 3: Fresh water used continuously, Under conditions No. 1 
and No. 2 the water pressure on the spray nozzles averaged about 12 Ib. per 
sq. in. gage. With 12 lb. pressure on the spray nozzles, measurements were 
taken to ascertain the cost of using fresh water continuously. With the 
drain from the tank closed it was found that it required two minutes for 
the water in the tank to rise 11 in. Therefore the fresh water required when 
used continuously would be 

55 
8x 5x—x@x7.5 = 8250 gals, per hour. 
12 
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Cost of water per week: 
05 
8250 x 8x 5 x —— = $16.50 
1000 


COST OF POWER FOR RECIRCULATING WASHER WATER 
Average power required to drive the centrifugal pump, 2.41 k. w. 
Cost of this power for a week, 2.41 x 8 x 5 x 0.025 = $2.41. 

Total cost of running the washer: 
2.41 + .0325 = $2.4425 for Condition No. 
2.41 + .0825 = $2.4925 for Condition No. 
$16.50 for Condition No. 


pe oe 


CALCULATION OF THE ECONOMY OF RECIRCULATION OF AIR 


In each of the runs made the air leaving the washer and entering the 
rooms was at an average temperature of about 60 deg. The average outside 
temperature during the time the fan was running was 25.4 deg., 30.5 deg., and 
27 deg. respectively for the first, second and third tests. The total amount 
of air delivered to the rooms in each case was approximately 15,000 cu. ft. 
per minute. If this air had been taken from the outside instead of being 
recirculated, the additional steam required would have been 
60 x 15000 
—_———-— x (00-- 25.4) = 590 lbs. per hour for the first test. 

55 x 960 

The above calculation is based on the following figures: 

The average steam pressure on the building during all three tests was 5.3 
lb. gage and the average temperature of the condensed steam leaving the 
building was 209 deg. The quality of the steam entering the building aver- 
aged 98 per cent. Therefore each pound of steam gave up .98 x 960 + 196.1 — 
(209 — 32) = 960 B.t.u. It is assumed that one B.t.u. will raise 55 cu. ft. 
of air one degree of temperature. 

The additional steam required for the second test would have been 
60 x 15000 
——_————— x (60 — 30.5) = 503 lbs. per hour and for the third test: 

55 x 960 

60 x 15000 
x (60 — 27) = 562 Ibs. per hour. 
55 x 960 

The actual weight of steam used by the building during the time the fan 
was running was 834.6, 573.1 and 824 Ib. per hour for the first, second and 
third tests, respectively. 

The percentage of steam saved by recirculation of air in each case: 

590 
—_————— = 41.4 per cent. for the first test. 
590 +- 834.6 


503 





= 46.5 per cent. for the second test. 
503 -+ 573.1 
562 
and - - == 40.5 per cent. for the third test. 
562 -+- 824 
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Since the fan in actual practice is only operated eight hours out of 24, the 
saving from recirculation will not be as much as shown above. 
Running the fan eight hours the saving for the entire 24 hour period will 
be: 
8 x 590 
—_—_—_—_--—— = 16.8 per cent. from the first test and 
8 x 590 + 23161 
8 x 503 
—_—_—_—_—_—_—— = 19.2 per cent. from Test No. 2. 
8 x 503 + 16988 
THE EFFECT OF THE FAN UPON THE STEAM CONSUMPTION 


TEST NO. I 


(Febrary 2nd and 3rd) 


The total weight of steam used by radiators when the fan was in operation 
was 6676.5 lb., or an average of 834.6 lb. per hour for eight hours. Total 
weight of steam used when the fan was not in operation was 16483.5 lb., or an 
average of 1030.2 lb. per hour for 16 hours. The difference in average steam 
consumption is 1030.2 — 834.6 = 196.2 lb. per hour in favor of the fan. 

Since some of the above saving may be due to unequal outside tempera- 
tures during the two parts of the run, it is best to base the relative per- 
formance on the basis of per degree difference of temperature. 

Average pounds of steam per hour per degree difference of temperature 
while fan was in operation is 19.8 lbs. 

Average pounds of steam per degree difference of temperature per hour 
during time when fan was not in operation is 26.64 lb. The difference is 

6.84 


= 25.7 per cent. in favor of running the fan. 





6.84 lbs., or a saving of 
26.64 
TEST NO. II 
(February 27th and 28th) 

Total weight of steam used by radiators during the time the fan was in 
operation was 4,585 lb., or an average of 573.1 lb. per hour for eight hours. 
The total weight of steam used during the time the fan was not in operation 
was 12,403 lb. or an average of 775 lb. per hour for sixteen hours. The 
difference in average steam consumption is 201.9 lb. per hour. 

Average pounds of steam per hour per degree difference of temperature 
during time that fan was in operation = 16.18 Ib. 

Average pounds of steam per degree difference per hour during time the 


fan was not in operation = 17.66 lb. 
1.48 





The difference is 1.48 lbs., or a saving of = 8.38 per cent. in favor of 


17.66 


running the fan. 


TEST NO. III 
(March 3rd and 4th) 


Total weight of steam used by radiators during the time the fan was in 
operation was 16,485 lb., or an average of 824.2 lb. for twenty hours. Total 
weight of steam used by the radiators during the time the fan was not in 
operation was 6,369 Ib., or an average of 910 lb. per hour for seven hours. 
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Difference in average steam consumption = 86: lb. per hour. 

Pounds of steam per hour per degree difference during time the fan was 
in operation = 21.54. 

Pounds of steam per hour per degree difference during the time the fan 
was not in operation = 23.81. 
2.27 


The difference is 2.27 lbs., or a saving of 





= 9.53 per cent. in favor of 
23.81 
running the fan. 


A COMPARISON OF THE SAVING MADE BY KEEPING THE AIR IN MOTION 
AND THE COST OF OPERATING THE FAN 

Will it pay to operate the fan continuously? To answer this question the 
following calculations have been made: 

The cost of steam delivered to the building is approximately 27c per 
thousand lbs. and the cost of power is approximately 2%c per kilowatt hour. 

According to the figure obtained from the first test a saving of 25.7 per 
cent. in steam consumption was made by running the fan to keep the air in 
motion. The total pounds of steam used during the sixteen hours that the 
fan was standing idle was 16,483.5 lbs. Had the fan been running during 
this period a saving of 16,483.5 x .257 or 4,235 lbs. of steam would have been 
obtained. 





4235 
Cost of steam saved =——x0.27 = $1.144. 
1000 
516 x 7.85 
Cost of operating the fan =—— x 16 x .025 = $1.62. 
1000 


The saving in the second test would have been 12403 x .0838, or 1040 lbs. of 


steam. 


1040 
Cost of steam saved = —— x 0.27 = $0.28. 
1000 
1000 
Cost of operating the fan = ——— x 16 x .025 = $1.656. 
518x8 


The volts and amperes used in the above calculations are average values of 
the power consumption of the fan motor. 

The third test would show about the same relative cost as the second test. 

The second and third tests probably give the fairest idea of the saving of 
steam obtained by keeping the air in motion. Obviously the cost of power 
for the fan more than overcomes the saving resulting from its use. 

In all of the tests the air temperature was reduced about 6 deg. in passing 
through the washer. If the washer had been shut down during the time 
there were no students in the building, a greater saving of steam would have 
resulted from keeping the air in motion. But even under such conditions, the 
saving would not have been enough to overbalance the cost of power for the 
fan. 

Take Test No. 2 for comparison. In this test the saving that would result 
from running the fan and washer for the additional sixteen hours was shown 
to be 1040 Ib. of steam. The drop of temperature in the washer was 6 deg. 
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and the air passing through it was 15,000 cu. ft. per minute. The extra steam 
consumption required to replace the heat taken away by the washer water was 
6 x 15000 x 60 
——————— = 102 lb. per hour, or a total of 1635 Ib. for the sixteen hours. 
55 x 960 
Therefore, with the fan running and the washer cut out, the total saving of 
steam would have been 1040 + 1635, or 2675 Ib. The cost of this steam 
2675 





would be x 0.27 = $0.72 as compared with $1.656 for power to run the 
1000 
fan. 

The steam cost used in the above calculations is below the average and 
there may be conditions where high steam cost and low power cost will 
justify the running of the fan continuously. 

Lack of time made it impossible to check these last calculations with an 
actual test of steam consumption for recirculated air with the washer cut 
out. It would be interesting to see how it would work out in actual practice. 


STEAM USED PER SQUARE FOOT OF RADIATION PER HOUR 


The steam consumed by the radiators per square foot of radiation per hour 








23161 
in the first test was — = 0.113 Ibs. 
24 x 8530 

16988 
——— = 0.083 lbs. for the second test 
24 x 8530 

22854 

and —— = 0.0993 lbs. for the third test. 

27 x 8530 


The average for the three tests is 0.0984, or approximately 1/10 lb, of steam 
per square foot of radiation per hour. 

Since an average radiator will condense % lb. of steam per square foot 
per hour under extreme conditions the results show that the building 
has ample radiating surface for any conditions which may arise. 


TOTAL COST OF HEATING AND VENTILATING THE BUILDING FOR A 
TYPICAL DAY OF 24 HOURS 
Data Taken from Test No. I 





0.0325 
Cost of washer water = = $0.0065. 
5 

2.41 
Cost of power for washer pump = —— = $0.48. 

5 

518 x 7.85 
Cost of power for ventilating fan = —————— x 8 x .0252 = $0.81. 
1000 


Cost of steam for heating = 23161 x .27 = $6.253. 
Total cost per day = $7.55. 
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To the above total cost should be added the cost of running the two small 
exhaust fans in the attic. 

The hot water tanks were cut out during the tests so that no data is availa- 
ble for the cost of steam for heating water. 

The recirculating system was put into operation at the beginning of school, 
September 1914, and was in operation throughout the whole school year. 
The principal tests were made in the months of January, February and 
March, and the last of the bacteria tests was made in April. 

The questionaire was submitted to the teachers on May 13th and the 
reports were handed in by them about three days later. This was about two 
weeks before school closed, the teachers having had nine months to form 
their conclusions in regard to the system, An interesting point in regard 
to the system came out about two weeks ago (Sept. 1915). -The fan motor 
burned out and it took several days to get it into running condition again. 
The teachers were not aware that anything had happened but complaints soon 
began to pour in that there was something wrong with the ventilation. 











QUESTIONAIRE SUBMITTED TO TEACHERS 


A questionaire was submitted to the various teachers in the 
school in order to get their opinion of the system and its effect 
upon the students. The questions were as follows: 


1. Has your room been sufficiently heated? 

2. Has the ventilation been satisfactory ? 

3. Has the air in the room been too moist or too dry? 

4. Has the moisture in the air had a good or bad effect upon 
the quality of the air in the room? 

5. If the moisture has had a bad effect please state what the 


effect is. 

6. Has the room seemed close? 

?. Have you noticed any‘unpleasant odors? 

8. Have the students been bright and alert or drowsy and list- 
less? . 

9. How does the ventilation in this building compare with that 
of other buildings in which you have taught? 

10. How does the general health and alertness of the students 
in this building compare with that of students in other 
buildings in which you have taught? 


RESULTS FROM THE QUESTIONAIRE 


Question No. 1. 
All of the fifteen teachers answered “yes”. 
Question No. 2. 
Twelve teachers answered “yes”. 
Teacher J answered “nearly so”, Teacher M, “no”. 
Teacher N, “In the morning, yes; in the afternoon, no”. 
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Question No. 3. 
Teacher A—‘Rarely too moist”’. 
Teachers B, G, I and K—“No”. 
Teachers C, D and H—‘Neither”’. 
Teacher E—“If anything, too moist at times”. 
Teacher F—“Yes”. 
Teachers J and N—‘“A little dry”. 
Teachers L, M and O—“Just right”. 
Question No. 4. 
Ten teachers answered “Good”. 
Teacher A—‘Not strictly bad at any time”. 
Teacher B—‘‘Apparently good”’. 
Teacher F—“Did not notice.” 
Teacher L—“Have not noticed any bad effects.” 
Question No. 5. 
No statements given by any of the teachers. 
Question No. 6. 
Teachers A and C—“Only when it is first opened in the morn- 
ing”. 
Teacher B—“Very seldom”. 
Teachers D and G—“No”. 
Teacher E—“No, until recently”. 
Teacher F—“Not usually”. 
Teacher H—“In warm weather if windows are closed, yes”. 
Teacher I—“At times windows have had to be opened”. 
Teacher J—“A little”. 
Teacher K—‘No, except in the morning before the fan had 
run sufficiently”. 
Teacher _L—‘Sometimes”. 
Teacher M—“In room No. 115, no; in room No. 311, yes”. 
Teacher N—“‘Yes”. 
Teacher O—“Not often”. 
Question No. 7. 
Twelve teachers answered “no”. 
Teacher M—‘Room No. 115, no; room No. 311, yes”. 
Teacher N—“Yes”. 
Teacher O—“Seldom”. 
Question No. 8. 
Six teachers answered “Bright and alert”. 
Teacher G—“Depends more on students than on room condi- 
tions”. 
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Teacher H—“Neither, some of each in each class.” 

Teacher I—“Not drowsy and listless as a rule”. 

Teacher J—‘“Both, but listlessness not due to ventilation”. 

Teacher K—“We have both kinds, but the room conditions did 
not make them so”. 

Teacher L—“Attitude varies”. 

Teacher M—“Both”. 

Teacher N—“Bright in morning; drowsy from 2:30-3:30 
a. 

Question No. 9. 

Six teachers answered “Better”. 

Teacher A—“Infinitely better”. 

Teacher B—‘Better (have taught in six schools’). 

Teacher C—“Most favorably”. 

Teacher D—“Best in my experience”. 

Teacher E—“There is much more moisture in the air”. 

Teacher K—“Excellent”. 

Teachers M and N—‘‘Favorably”. 

Question No. 10. 

Teachers A and G—“Better”. 

Teacher B—“Much better”. 

Teachers C, I and L—“Favorably”. 

Teacher D—‘Have not noticed health especially. Should call 
alertness better than usual class”. 

Teacher E—“Have no data”. 

Teacher F—“Don’t know of any”. 

Teacher H—‘Not so alert here, health better”. 

Teacher K—‘About the same, perhaps somewhat better”. 

Teachers M and O—‘About the same”. 

Teacher N—“Better than elsewhere”. 





a a + 


— 


CONCLUSIONS 


1. The tests show ft’:ac it is both unnecessary and uneconomi- 
cal to supply large volumes of air to obtain good ventilation. 

2. That 15 cubic feet per student would be ample providing it 
enters the room at a fairly high velocity and carries the proper 
amount of moisture. 

3. With humidity ranging from 50 to 70 per cent., the occu- 
pants of the rooms are perfectly comfortable at a temperature of 
65 degrees or even less. 

4. With humidity of about 60 per cent., the air can enter the 
rooms at a temperature of 60 degrees without creating any dis- 
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comfort; in fact it seems to give life to the air and aids in the 
efficiency of ventilation. 

5. Carbon dioxide content as high as 20 parts in 10,000 does 
not have a bad effect upon the ventilation. 

6. Ventilation by recirculation is both efficient and economi- 
cal. At the end of a year’s run the teachers are almost unanimous 
in their praise of the system. 

?. With a recirculating system such as this, it requires from 
40 to 50 per cent. less steam to heat the building while the fan is 
in operation than would be required if the air was drawn from 
outdoors for the same length of time. 

8. Air movement keeps the temperature uniform in various 
parts of the room and decreases the amount of steam required for 
heating. The tests show a minimum saving of about 8 per cent. 
due to this air movement and this would be true whether the 
system is a recirculating one or otherwise. 

9. The air washer absorbs a considerable amount of the car- 
bon dioxide contained in the air passing through it. 

10. The air washer is apparently quite efficient as a dust re- 
mover but it does not remove bacteria from the air when the 
washer water is recirculated. The tests show that it actualiy 
supplies bacteria to the air under such conditions. 

11. In spite of the poor showing of the washer, the air enter- 
ing the rooms carries no more bacteria than outside air when the 
relative velocities in which the plates were exposed is taken into 
account. 


The writer plans to continue these tests this coming winter 
with a view of ascertaining the effect of recirculation upon the 
oxygen content of the air. Further tests will also be made to 
determine more accurately the amount of carbon dioxide absorbed 
by the washer, and experiments will be carried on with various 
methods of eliminating bacteria from the washer water. 


ADDENDUM* 


A few words of explanation may be added in regard to the 
low values of carbon dioxide found in the tests. The writer 
makes no assumption that the building is air tight. The tests 
were made under actual conditions as they exist at the school. 
The windows are of such construction that less leakage takes 
place than is usual in most school buildings, and careful observa- 
tions of the building showed that none of the windows were open 
during the test or during most of the school year. 


* Added on the recommendation of the Publicatiton Committee. 
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But of course leakage took place, and in accounting for the low 
values of carbon dioxide found, the following points must also 
be borne in mind: 

Room No. 15 (see Table I), which is the gymnasium, was oc- 
cupied only late in the afternoons, and whatever leakage that 
took place into this room during the day was distributed through 
all the other rooms of the building by means of the recirculating 
system. f 

The same is true of the Auditorium, Room No. 214. The 
Auditorium was used only for assembly periods two or three 
times a week and then only for an hour a day. At all other 
times the leakage into this large room was distributed through 
all the other rooms. And, during assembly periods, all the class- 
rooms are unoccupied and a large part of the leakage into them 
finds its way into the Auditorium. ; 

The same action takes place from Rooms No. 108 and No. 209. 
These rooms are small auditoriums which are only used for 
short periods once or twice a week. 

There was an average attendance of about 250 students in the 
building throughout the school year. The figures in Table I are 
based upon the student capacity of the rooms and not upon the 
actual attendance. 

The average attendance for the year for the various class rooms 
is given below. 


Student Capacity Average 
Room Number of Room Attendance 

8 20 16 
10 28 16 
106 26 20 
107 26 11 
109 26 20 
115 31 26 
207 31 22 
208 26 17 
210 26 20 
211 31 23 
2138 20 L? 
308 41 20 
309 25 16 
311 15 14 
312 14 14 
314 29 16 
Average 26 Average 18 
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DISCUSSION 


Geo. T. PALMER: The ideal experiment is one in which 
full sized equipment is used and actual operating conditions are 
duplicated. Prof. Larson has been able to conduct his work 
under these conditions, so that results are therefore of special 
moment. 

The essential features of this study are that an entire school 
building has been ventilated apparently in a satisfactory manner 
for a full season with recirculated, washed air, at a material saving 
in the consumption of coal. This economic feature is most at- 
tractive and is in entire agreement with Dr. McCurdy’s experi- 
ence at the Springfield Y. M. C. A. Gymnasium. When ventilat- 
ing methods are proposed that involve a reduction in fuel cost 
of from 20 to 50 per cent., they are worthy of most careful 
scrutiny. 

We are at once tempted to inquire, however, whether there is 
not some sacrifice ,.e must make in comfort, or some advantage 
we must surrender in return for this reduced operating expense. 
The votes of the teachers shed some light on this question. While 
it is true in general that the replies are most complimentary to 
the system and that there is universal agreement in the superior- 
ity of the ventilation of this school building over the ordinary 
type, yet in answer to the query about “closeness,” out of 15 
answers, only 4 were unqualifiedly favorable. Also 3 out of 
15 teachers report unpleasant odors in their rooms. It must also 
be borne in mind that these Wisconsin pupils are of high school 
age and are superior to the ordinary child of the public schools 
in cleanliness and matters of personal hygiene. If odor and 
closeness occur under these Wisconsin conditions, I doubt 
whether recirculation would have been as successful in some of 
the crowded public schools of this city. 

In connection with the use of re-circulated air I note that air 
washing is always ‘spoken of as a necessary part of the process. 
Personally, I question whether washing itself is efficacious in 
removing odor. I believe that dilution is the big factor in thé 
success of re-circulation. Both Prof. Larson and Dr. McCurdy 
of the Springfield Y. M. C. A. Training School have found re- 
circulation successful. At \Visconsin, however, classrooms are 
occupied only to about 75 per cent. of their capacity and the air 
from these rooms has ample opportunity to become diluted with 
the air from corridors, assembly hall and gymnasium. Likewise 
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the Springfield gymnasium has a comparatively small number 
of occupants for the large cubic space ventilated. 

It has been the experience of Prof. Bass and ourselves in ven- 
tilating a single room where there is but slight dilution, that 
odors are not removed by washing. In fact, we in New York 
have found that washing intensifies the odor—that odor is less 
apparent with the washer shut down. The lower the humidity 
the less perceptible is the odor. 

The use of higher humidities has one possible objection that 
was brought to my attention recently. I was sitting in a class- 
room at a temperature of 68 deg. and 50 per cent. relative 
humidity; this felt too warm and moist. I opened one or two 
windows slightly from the top; the incoming cold air felt quite 
chilly and I closed the windows somewhat. During the next 20 
minutes at least ten persons in the room sneezed, I among the 
number. The combined warmth and moisture had, I believe, 
produced slight perspiration over the body and evaporation of 
this moisture by the cold air caused a chilling of the body that 
I am very sure would not have occurred had the room been 
drier. This experience suggests a danger of higher humidity 
whenever slight overheating occurs. 

As to the absorption of carbon dioxide by the wash water, it 
is contrary to our own experience here and also to that at Spring- 
field. A possible explanation of this may be found in the char- 
acter of the water used. In the East where surface water sup- 
plies are used, the alkalinity of the water is low. In deep well 
water, the alkalinity is high, amounting at times to several hun- 
dred parts per million. It is conceivable that this high alkalinity 
will actually react with carbon dioxide in the gaseous form and 
thereby reduce the carbon dioxide content of the re-circulated 
air. 

The increase of bacteria in the wash water seems pretty well 
substantiated but it is believed that the counts at the register 
inlet in the classroom indicate the extent of this increase more 
exactly than the samples taken from the fan inlet or plenum 
chamber in the basement. In the latter instance it seems likely 
that droplets of water passing the eliminator plates might infect 
the plates heavily but that this same bacterial population would 
not be carried to the room. Any danger in re-circulated ait 
from this source is rather scouted however. 

The use of high register velocities as described is unique and 
its efficacy in adding comfort to the environment is supported 
by our own experience. We have found that well defined air 
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currents in a room are appreciated much more than increased 
volume of air at low velocities even though thoroughly dis- 
tributed over the room. 

I trust that my discussion of Prof. Larson’s paper will not 
seem too critical. Re-circulated air or at least a mixture of 
re-circulated and fresh air, can without doubt be used advantage- 
ously in many instances. My intent has been rather to issue 
a word of caution lest the economy of the practice be permitted 
to outweigh considerations of comfort to which primarily the 
occupants of the ventilated space are entitled. 


MetvittE C. WuippLte: Having gone over the portion of 
the paper dealing with bacteria removal by washing I cannot 
see where there is a great deal of chance for argument. It is 
simply a case of obtaining results which on the face of them do 
not appear consistent and which cannot be explained away by 
any information at hand. 

I have never made determinations for bacteria in washed air 
which showed a larger number than in the unwashed air. On 
one occasion, however, 1 found at Springfield that the number of 
dust particles was slightly higher in the washed than in the 
unwashed air. This was after the water had been used for 
several weeks and was extremely dirty. After such conditions 
it might be that the bacteria would be slightly higher in the 
washed air, but I have never found this to be the case although 
some of the washers studied in Boston had extremely dirty 
water. 

I would be inclined to take objection to Mr. Larson’s con- 
clusions Nos. 10 and 11. If dust is removed from the air as 
he states in No. 10 then the bacteria certainly ought to be 
removed. It is up to him to explain or show why they are not 
by his future experiments. In connection with No. 11 it seems 
to me that so far as bacteria go, the air in the room is the same 
as the outside air until the rooms are occupied, after which time 
the bacteria increase in number because of contamination inci- 
dent to occupation. If the air in the room contains more bac- 
teria than the outside air then certainly this air after washing 
is not as good as outside air, provided, as Mr. Larson says, bac- 
teria are introduced into it and not removed from it. 

These experiments show very few determinations with our 
standard method which employs a sand tube. I should be 
inclined to discount the results obtained by the exposure of 
plates, particularly as the plates were exposed for such a long 
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time that very large numbers of bacteria developed on each plate. 
We calculate in bacteriological work to count plates which have 
less than 300 bacteria upon them. 

This set of experiments by Mr. Larson is a very valuable one 
in my estimation. The installation has given opportunity to 
study many of the things which we were interested in at 
Springfield and I should judge in a more exact manner. It is 
particularly interesting to note that the work indicates economy 
where re-circulation is employed. 


Te 


Pror. G. C. WuippeLe: I was very much interested in Prof. 
Larson’s paper on re-circulation of air, as apparently he has 
had an excellent chance to try out the method. I cannot under- 
stand why he failed to secure bacterial removal with the air 
washing process. Our bacterial results have always been con- 
sistent without dust counts. There are many things to learn, 
however, and I hope that not only he but many others will 
try out the method. i 


Tue AutHor: Replying to Mr. Whipple’s remarks, the author 
wishes to state that no dust counts were taken on account of 
lack of apparatus for carrying on such work. Judging from the 
discoloration of the washer water and the sediment in the tank 
the washer undoubtedly removed dust from the air, but its effi- 
ciency in this respect can only be measured by actual dust 
counts. If particles of the contaminated water pass the elimina- 
tor plates it is quite possible that the bacteria results will not 
be consistent with the dust counts. In a re-circulating system 
of this kind the solid particles carried by the air are to a large 
extent composed of fresh chalk dust from the blackboards. 


Under such conditions the author questions the statement that 
the bacteria counts should be consistent with the dust counts. 

The writer fully realizes that plate exposures are only approxi- 
mate quantitative measures of the number of organisms present, 
and the method was used primarily to show the relative effects 
of changing the washer water. The sugar filters were used with ; 
two points in view, namely, for comparative purposes—that is 
to say, to compare the effectiveness of the method with the sand 
filter procedure, and as a check on the efficiency of the air 
washer. The standard sand tube method was used daily for a 
week’s run and our main reliance, relative to conclusions, was 
based on this method. It is the purpose of the author to con- 
tinue the experiments using only standard sand filters for all 
bacteria measurements. 
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Mr. Palmer expresses the writer’s own opinion in regard to 
the relative bacteria counts at the fan inlet and at the room 
inlets. The tabulated results show that the bacteria count at 
the fan inlet varied with the cleanliness of the washer water. 
This would seem to indicate that water was getting past the 
eliminators, and undoubtedly a large number of these bacteria 
were deposited on the moist surfaces of the ducts leading to the 
rooms. 
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A NOTABLE INSTITUTION FOR THE 
ADVANCEMENT OF THE HEATING 
AND VENTILATING ART 


By Artuur K. Oumes, New York 
Member 


tion to advance the art of heating and ventilating has been 

the inspiration for the writing of this article, which will 
have for its subject the so-called Testing Institute for Heating and 
Ventilation appliances at the Berlin University. The work done in 
this Institute has been several times mentioned in the Transac- 
tions of this Society and the writer believes that a fairly complete 
description of it, will prove interesting to the membership and 
to the members of the educational committees. 

This Institute is to the writer’s knowledge the most complete, 
up-to-date and best equipped for the purpose, and it is solely 
devoted to the advancement of the art of heating and ventilation. 

Our country, so much advanced in many ways, possesses noth- 
ing of the kind, though the importance of the industry of heat- 
ing and ventilation in this country far exceeds that of all the 
leading countries of Europe. 

No doubt many of our institutions of higher education do 
not consider the subject of heating and ventilation of enough 
importance to warrant such an institution, but Germany appears 
to be fully alive to the importance of the subject and considers 
that accurate knowledge of the art vitally concerns the physical 
as well as the commercial welfare of the people. 

The ambitious program of this Institute may be summarized 
as follows: 

1. The scientific education of heating and ventilating engi- 
neers. 


iv E recent appointment of committees on publicity and educa- 


Presented at the Annual Meeting of THz American Society or HeatinGc AnD VEN- 
TILATING Enctneers, New York, January, 1916. 
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2. To teach the future architects the fundamental principles of 
heating and ventilation—a knowledge required by them for the 
proper designing of buildings. 

3. The testing of all kinds of heating and ventilating appliances 
for the purpose of determining the capacity and efficiency, state- 
ments of manufacturers, inventors, etc. 

4. Scientific research work. 


The educational work (1 and 2) follows closely along the lines 
of the famous book of Prof. Rietschel. The results of testing 
appliances of private concerns and corporations are mostly con- 
fidential until such time as the makers or inventors of the ap- 
pliances are willing that the results should be miade public. 

As a result of these tests the Institute often makes sugges- 
tions to manufacturers, etc., that lead to improvements. It is 
safe to say, however, that many new inventions that were 
tested out to the entire satisfaction of the maker in the private 
plant did not prove so satisfactory in the tests at the Institute. 

The Institute charges a small sum of money for making tests 
and in view of the specially fitted out quarters, and that the 
latest and most accurate instruments only are used, almost all 
tests can be made better and cheaper in the Institute than in 
most private plants. 

The writer is strongly of the opinion that many tests made in. 
this country are not made under the conditions that are to be found 
in such an Institute and that much of the criticism now directed 
against heating and ventilating plants in this country is quite often 
due to the careless and unscientific way in which a great many tests 
are made which form the basis of a large part of the practice in the 
art. 

The research work done by the Institute (No. 4), however, 
is the most important for the practical heating and ventilating 
engineer and this will be described later on. 


DESCRIPTION OF THE INSTITUTE 


The Institute’s origin is due to efforts of the late Professor 
Rietschel, who started it in a very modest way, some twenty 
years ago. 

In 1907 a large testing hall, 180 feet long was added and this 
year, on June 18th, another large section was put in operation. 
‘The Institute in its entirety as it appears at the present time is 
shown in Figs. 1 to 3. These plans have been reproduced from the 
Gesundheits-Ingenieur 1915, all writing being translated by the 
author for an easier understanding. Fig. 4 shows an exterior view. 
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Note the spacious quarters in a building of 400 feet length; 
one room alone being 180 feet long. There are five inside smaller 
testing rooms and five testing rooms with outside windows. 
There is also a museum, the inside view of which is shown in 
Fig. 5, where the most up-to-date inventions are kept along 
with many venerable appliances for record and for showing the 
advancement of the art. Immediately adjoining it is the large 
and well ventilated and mechanically cooled lecture room, which 
seems to be the most complete and best one ever installed in 
Germany. Even the heat transmission of wall “A” (Fig. 2) was 
taken care of by pipes imbedded in the construction as Shown 





FIG. 6. AN ARRANGEMENT OF PIPES IMBEDDED IN WALL. 


in Fig, 6. There is a well stocked library as well as offices for 
professors, the assistants, bookkeepers, etc. A general interior 
view of the large testing room is shown in Fig. 7, which view 
was taken when the friction coefficients of hot water pipes were 
being determined as described by Prof. Giesecke in the Society’s 
Journal for April, page 24. 

The building was erected by the Prussian State Government 
assisted by the help of the interested private business men and 
various leagues throughout Germany. 

It is, therefore, a National Institution and is so recognized 
by the entire heating industry of Germany, which includes the 
installing and engineering concerns, the manufacturers of spe- 
cialties, the great iron works manufacturing radiators, pipes, etc., 
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who helped to make it a success and believe in it as an indispen- 
sable Institution. 

The Institute is at present headed by Dr. Brabbee, who is 
assisted by six trained scientists and assistant professors, all of 
whom are interested only in heating and ventilating work—cer- 
tainly an array of talent unheard of in this country. 










































A FEW REMARKS ON THE RESEARCH WORK 


Before the Institute was completed, important research work had 
already been accomplished in the old and close quarters. 

The most important of this work, that which is of interest to the 
entire heating and ventilating art, is published in a series of 
pamphlets as follows: 


1. Introductory words by Prof. Rietschel, description of test- 
ing Institute and its equipment and determination of velocity 
and pressure conditions of air flowing in ducts. 

2. Tests on traps, thermostats, ventilating caps and efficiency 
tests of a Strebel boiler. 

3. Tests to determine heating effect, pressure loss and surface 
temperature of radiators with air traveling at high velocity over 
same. 

4. Test on one-pipe systems of forced hot water heating and 
calibration of a steam meter, statement of cost of making tests, 
influence of radiator enclosures on the heating efficiency of 
radiators and a description of newer radiators. 

5. Test of friction resistance, etc., in hot water heating systems. 

6 and 13. Simplified method for graphical and numerical methods 
for determining pipe sizes for high and low pressure steam heat- 
ing systems. 

?. Efficiency test of a Lollar boiler. 

8. Test of a Schotter blower. 

9. Test of air revolving systems of the low pressure steam 
heating type. 

10 and 12. Test of safety devices of hot water heating boilers. 

11. Simplified method for graphical and numerical methods 
for determining ventilating plants. 


The cost of these pamphlets is exceedingly modest, covering 
only a very small profit beyond the cost of production. This 
is easily possible because the tests are made by state employees, 
with the help of students. 

Only our own government’s publications such as the Bureau 
of Mines, can be compared in cheapness and quality with 
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them. Some of these publications are voluminous and the pam- 

phlet No. 5, covering hot water friction and resistance coefficients, 

would fill more than one issue of the Societies’ Journal. 
Accordingly, it cannot be expected that any of the tests be 
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SKETCHES FROM TESTS ON ONE-PIPE FORCED HOT WATER 
HEATING SYSTEMS. 


FIGS. 8-14. 


given here in full, though this article would scarcely be complete 
without some general descriptions. 

We will first consider the diagrams 8 to 14 of the test on one- 
pipe systems of forced hot water heating circulation as described 
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in pamphlet No. 4. These sketches show graphically the three 
fundamental conditions—temperature, height of radiator and 
velocity of water in riser—governing the secondary flow of water 
through the radiator itself. A little study of the foot notes under 
each pair of figures will prove of interest and with the clear 
graphical representation further comments are unnecessary. 

An illustration of how this Institute may be of service is 
given in the following: 

About ten years ago some 
heating systems were patented in Germany. The steam is led 
to the radiator in the usual way and the return end is open to 
in other words, the so-called “open” or “atmos- 


‘air revolving” low pressure steam 
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FIG. 15. KAEFERLE RADIATOR OF THE AIR-REVOLVING STEAM HEATING 
SYSTEM. 

pheric” return line systems. In these systems with the ordinary 
radiators, if only half the amount of steam is fed into the radiator 
that it can condense, the upper half, or the left or right side, 
would be warm and the other parts would be cold, according to 
the way it was connected. To overcome this objection an injector 
was placed in the radiator as shown in Fig. 15 for the purpose of 
circulating the air remaining in the radiator when the radiator is 
only partly filled with steam, securing thus an emulsion of steam 
and air at a lower temperature. It is a great advance over the 
ordinary steam heating system, but somewhat extravagant claims 
were made by the inventors. It was finally tested out and the 
results of pamphlet No. 9 (45 pages, 11 cuts and 15 tables) may 
be summarized as follows: 
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“The interior temperatures, the surface temperature and with 
it the heating effect of-air-circulating steam radiators are greatly 
dependent upon small pressure regulations. 

“The automatic damper regulators used in practice for low 
pressure steam heating systems show such high unavoidable 
pressure variations, that a general regulation of the heating 
effect of the radiators, as is possible in hot water heating sys- 
tems, cannot be obtained. 
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FIG. 16. PROF. RRABBEES METHOD OF TESTING BUILDING MATERIALS, 
WALLS, DOORS, WINDOWS AND CEILINGS FOR HEAT TRANSMISSION 
AND AIR LEAKAGE. 


“The shutting of a radiator means a higher pressure at the ad- 
joining radiators and creates unavoidable temperature changes 
in the adjoining radiators so that on account of this fact a regu- 
lation for exact and constant surface temperatures for all radia- 
tors is impossible. 

“In air revolving steam radiators the heat transmission coeffi- 
cient is not proportional to the temperature, but falls consider- 
ably with the growing air mixture.” 

All of these statements are amply proven in the many tables 
and cuts published in pamphlet No. 9. 
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Of course important research work is always being done 
and the results are awaited with interest by the German 
heating engineers. One deserves mention, and that is Dr. Brab- 
bee’s method of determining heat transmission coefficients, as 
illustrated in Fig. 16. 

It consists of a box ten feet high, ten feet long and five feet 
wide, which can be turned 90 deg. on shaft “A.” 

Thus the box may be placed horizontally for ceiling, roof, 
floor and skylight coefficients, 

Ordinary and electric thermometers are profusely placed in 
and around the material to be tested, so as to observe all tem- 
perature conditions. 

Cooling and heating coils are provided to create all tempera- 
ture conditions from 20 deg. C. to 35 deg. C. and finally a blower 
can create a velocity of air to correspond to the wind velocities 
outside. The writer is not aware of a more complete method 
desigried so far, that may clear up the many uncertainties still 
existing as to the corner stone of our heating science, viz.: the 
heat transmission coefficient and window leakage under varying 
wind velocities and temperatures. 


CONCLUSION 


The writer believes that sufficient has been said so that the 
members of this Society may well ask themselves whether or 
not we are doing our share to advance heating and ventilating 
in theory and practice. Both theory and practice are indispen- 
sable, if we in this country are to assume our share in the 
advancement of the art. 

Consider also the fact that the idea of this testing Institute 
was conceived some twenty-five years ago and only now may it 
be considered nearly finished. 

It took fifteen years to realize the first tangible results. Of 
course, such an institute does not and cannot dispense with the 
present shop and laboratory testing and research work of manu- 
facturers, engineering bureaus, commissions, etc. Furthermore, 
there are many problems that can only be “tested” out in actual 
practice. On the other hand, there are so many new devices 
coming on the market which most of the people who are respon- 
sible for their installation have neither time nor money to “test” 
out. Usually the purchaser takes the risk, which very often is 
detrimental to the whole art of heating and ventilation. It is 
also realized that the seal of the Institute may well “make” or 
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“break” the successful sale of any article. For this reason many 


‘ unworthy articles now coming on the market, would probably 


be kept off, which no doubt would be welcome to many of us. 


But for all, the results of the work of such an institute would 
be valuable for any one directly interested in the heating and 
ventilating business. This includes the manufacturer, the con- 
tractors and the consulting engineers. 

On the other hand, are not the government, state and munici- 
pal engineers benefited by having the comparative data on the 
value of a certain blower, valve, boiler, radiator, pipes, etc.? 
Hence in turn the government, states and municipalities are 
benefited by it. 


I would like a thorough discussion on the merits of such a 
similar institution for our country. If the members’ agree with 
the writer then the creation of a committee would seem in order. 
An active campaign extending over several years should be 
started at once for the purpose of collecting a large sum of 
money for the building and endowment of such an institution. The 
large corporations should contribute, because they all have heat- 
ing and ventilating plants and appliances to operate and main- 
tain and they are interested in having the art advance. Our 
philanthropists could even be approached, because the proper 
and cheap provision of healthy heating and ventilation in most 
of our buildings remains as yet an unsolved problem for the great 
masses of the people. 


DISCUSSION 


A. K. Oumes: The tests for heat transmission coefficient now 
being made here will be given out in due time, and the results 
are awaited by the German heating engineers with great in- 
terest. I wish to say that they have one arrangement in Ger- 
many that we do not have here, and that is an accepted set of 
standards of heat transmission coefficients. If an engineer can 
prove that his surfaces are computed in accordance with the 
standards, he cannot be sued for damages, because the fault 
must then be in the building construction. 

We have the necessary brains, resources and money, but how 
long it would take us to get something definite started in this 
line, if we had the right spirit and energy, I do not know, but 
probably a good many years. I should like to hear expressions 
from the members on this. On this occasion I also wish to 
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acknowledge my thanks and gratitude for much valuable data 
and plans to Privy-councilors v. Boehmer and Uber and also to 
Prof. Dr. Brabbee. 


A. M. FetpmMan: For the past eighteen months we have 
become accustomed to learn of the high efficiency of the Ger- 
mans and the German nation. All of us knew that the German 
chemical industry is highly developed owing to two reasons: 
one—that every factory of any size maintains a research labora- 
tory in which chemists of the highest rank are leisurely experi- 
menting in order to discover and invent new methods of manu- 
facture and new chemicals; second—the German Government 
maintains a splendid system of industrial schools and continua- 
tion schools. In this country we have just began to awaken to 
the deficiency in progress of the chemical industry, and the 
governmental bureaus have taken a hold of investigations to 
advance the industry of dye-making. The Bureau of Mines is 
doing a great deal in the direction of conducting experiments 
and disseminating the results. 

The first thing that the Naval Consulting Board recommended 
was the appropriation of $5,000,000 for the establishment of a 
large experimental plant in conjunction with our upbuilding of 
the Navy. What the locomotive testing plant at Purdue Uni- 
versity has accomplished is well known to the mechanical engi- 
neering profession. The cost of the installation of the plant I 
understand was defrayed by private capital, railroads and loco- 
motive shops. 

I am fully in accord with Mr. Ohmes’ idea of the value of 
establishing in this country of a testing laboratory devoted ex- 
clusively to the heating and ventilating art, where new appli- 
ances could be properly tested out before placing them on the 
market, and where research work could be conducted for the 
advancement of the art. 


Pror. J. R. ALLEN: I am very much interested in this paper as 
it is very close to my own work. We have no such elaborate 
plant, for we have neither the men nor the money necessary to 
carry on such work. But there is a great demand for this kind 
of research work. 

Many large industrial organizations carry on experiments in 
their own laboratories, and they are well conducted, but all of 
them are on materials of some particular concern, and there 
are many problems of the heating and ventilating profession 
that do not come within the province of the manufacturer. 
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The transmission of heat through building materials is a 
problem of this nature, and the heating and ventilating engineer 
needs a laboratory where he can study this problem. The 
Society should consider the subject of having such a laboratory 
or of allying itself with some laboratory where this work can 
be carried on. 


I am particularly interested in the apparatus which is shown 
in this paper for testing transmission through building materials. 
We have similar apparatus at the University of Michigan, and 
have been working on the subject for about five years. There 
are many difficulties to overcome, and our apparatus has been 
changed many times. 


We have obtained some results on the transmission of heat 
through building materials but these have never been published. 
They give results different from the practice followed by many 
engineers. But I did not wish to upset transmission standards 
until I am sure that the results are correct. 


The device used at the University of Michigan is box similar 
to the one described but on trunions. It is located in a room 
of constant temperature. There is a brine coil running through 
it and brine is circulated at a low temperature so that a low 
temperature may be maintained in the box. This sounds easy, 
but there are a great many difficulties. It took two years to 
overcome some of them, and we still have some to contend with. 
The box is on trunions so that the building material can be 
used as a wall, floor or ceiling. The first experiments have been 
conducted with glass, using it as floor, wall and ceiling. So far, 
we have only worked with common glass. This year we are 
starting with plate glass and later will take other kinds. Our 
co-efficients that we have determined are higher than is ordi- 
narily assumed. The co-efficient for glass varies from 1.18 to 
1.3; the average co-efficient was 1.2. These are the results of 
our experiments in this line, but these results are subject to 
correction. 

Experiments must be made over long periods of time, and 
checked frequently to obtain accurate results. There is a wide 
field of opportunity in this line of work, and accurate experi- 
mental data are very much needed by the engineering profession. 


James S. Otis: I would suggest that this committee get in touch 
with the committee that we are going to have on the publication 
of a text-book, or the work might be given to the same commit- 
tee, for the subject would be of benefit to all of them. It is 
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a question that will come before the committee in connection 
with the publication of a text-book, if it is to be sufficiently 
authoritative to be considered. 


In this country, we have only two places I think where the 
Society could experiment. One of these is in Pennsylvania, 
and there you will find perhaps the best arranged building in 
the United States, if not any country, for conducting experi- 
mental work. 


A. A. Cary: Some three or four years ago, I spent about a 
year in various parts of Europe where I became interested in 
studying the conditions existing there which are referred to in 
this paper. I had much testing and investigation work to do 
and I found a spirit of interest existing in Germany, Belgium 
and France in the line of engineering investigations such as does 
not exist here. The narrow spirit of commercialism does not 
seem to have such a predominating hold upon the engineering 
and manufacturing interests there as it has here. Here, when 
something new is produced, for instance something in the heat- 
ing or ventilating line, as soon as it has advanced far enough 
to be marketable, a company is organized and they then hur- 
riedly proceed to turn out the article as fast as it can be manu- 
factured, by our great American duplicating system. There 
follows very little change in the product and the only time when 
a change for betterment is made is when some serious trouble 
occurs. 

I found on the other side that most of the manufacturers have 
men constantly retained in their establishments perfecting and 
improving their products. They have young assistants from the 
technical schools to help them. I had some of these young 
fellows assist me in my work and I found them more ingenious 
and interested than the average college graduates you find here. 
I speak from years of experience as I have had many of the 
early graduates from our technical schools at work in my office. 


In Europe, I found these young men very earnest and apply- 
ing themselves to their work seriously. There they have a sys- 
tem by which the graduates of a technical institute are obliged 
to serve an “apprenticeship” for at least a year and they are 
distributed among the different manufacturing establishments, 
where they serve without pay. During this time they must 
prove their ability and worth in order to secure the needed letter 
of recommendation which is required in order to secure their 
first job with pay. This first job with pay seldom gives them 
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more than a small return for their services, but they continue to 
advance as they prove their worth, a demonstration of which is 
being constantly demanded. 

When I went to Europe I took with me a complete American 
equipment for boiler testing, and I could not help noting the 
keen interest shown by my young assistants in every piece of 
apparatus I had. They were insistent in finding out the details 
of their construction and the theory of their working. 

We talk about America being so far advanced in engineering 
and manufacturing lines, but unless we get more of the spirit 
I have described instilled into our manufacturers and our young 
men, we will soon have to take a back seat. We will soon loose 
our lead in manufactured products if our manufacturers do not 
show a greater willingness to constantly improve and make 
changes in their products and they must also show a greater will- 
ingness to encourage investigation and research work as is done 
in Europe. 

To bring about a realization of the necessity of such require- 
ments among our manufacturers is an important field of work 
for our American engineering societies, and they simply must 
bend their efforts in this direction. All we have to do, to bring 
this lesson home, is to look at the wonderful and highly efficient 
producing condition of the countries in Europe, not at war, and 
we certainly are not in a position to excel the results they have 
accomplished and it is even open to question whether we could 
equal these results. 
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HEATING AND VENTILATING PLANT OF THE 
EQUITABLE BUILDING 


By W. H. Driscott, New York 
Member 


HE Equitable Building, located at 120 Broadway, which 
has been recently completed, is of such gigantic proportions 
that the author feels a description of its heating plant should 

prove of interest to our members. 

It is the largest office building in the world and although 
exceeded in height by several buildings, has never been, and 
perhaps never will be, exceeded in floor area or cubical contents 
by any other office building. It is 38 stories in height, not in- 
cluding the two-story pent house. It extends 500 feet above 
grade, the pent house extending 41 feet additional. The second 
sub-basement floor is 50 feet below grade. 

The building has a total air space in round numbers of 
26,000,000 cubic feet and some idea of what this means may 
be gained from the statement that its cubical contents are about 
twice that of the Woolworth Building. It is heated by direct 
radiation with a vacuum return line system, using exhaust steam 
irom the engines, supplemented by live steam passing through 
a reducing valve. 

Seven Heine water tube boilers have been installed aggregating 
3,280 H.P. and arranged as shown in Fig. 1. The five boilers 
that are shown singly are 440 H.P. each and the two boilers 
set in a battery are 540 H.P. each. 

The boilers are hand fired, but provision is made for the future 
installation of stokers by setting the boilers sufficiently high to 
accommodate stokers without further change. 
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The coal supply is delivered from the street into bunkers 
located in front of the boilers and chutes leading from the bunk- 
ers at convenient points deliver the coal into charging cars which 
are operated on an industrial track. 

The boiler feed pumps, two in number, are located in the 
boiler room. They are 12 x 18 x 10 x 18 in. in size, of the out- 
side packed plunger type and each pump measures 16 ft. in 
length. The feed water suction to these pumps connects with 
a combination feed water heater and meter located on the mez- 
zanine floor above the pump location. The boiler feed water 
from all sources including the high and low pressure drips, 
returns from the vacuum pumps of the heating system, the 
house tanks, water from the ice machine and the Croton water 
from the street, all pass through this feed water heater and meter. 
They are not connected directly to this apparatus, however, as 
the delicate recording instruments of the meter would be affected 
by an unsteady flow of water into the meter. To overcome this 
a receiving or air separating tank, 48 x 72 in., is located on the 
floor above, with outlets connected to all of the sources of supply 
above mentioned. A constant water level is maintained in this 
tank by means of a float valve and a 6” connection is made from 
the bottom of the tank to the inlet on the feed water heater and 
this in turn is controlled by a float in the feed water heater, 
maintaining a constant and steady water line in same. 

Duplicate feed lines are installed between the boiler feed 
pumps and the boilers so that the greatest flexibility of supply 
is obtained. There are no injectors or other mechanical means 
of auxiliary feed to the boilers for the reason that in case of 
emergency the boilers may be fed directly from the house. tank 
located in the pent house under a head sufficient to overcome 
any possible boiler pressure. Each boiler is equipped with an 
automatic non-return valve arranged to shut down in case of an 
accident to any boiler or to the main steam piping. The main 
header (20” in diameter) is located on the floor at the rear 
of the boilers and is divided into four sections by means of gate 
valves. From this main header connections are taken directly 
to four of the six engines and a 10” main starting at one end of 
the header passes completely around the engine room, connecting 
into the header at the opposite end, forming a loop, as shown on 
Fig. 2. This loop supplies steam to the two smaller engines 
and to the pumps, the pumps being supplied through an 8” -auxil- 
iary loop main. The 10” main is so valved and dripped that 















‘ONIGTING ATAVLINOA AHL AO WOON ANIONA AO NVId ‘2 ‘DIA 


eres | Rm 4 renee ee 
iT fe, eA ape. 3k 
z ; + ae Si | aaa 















































































































































7 


























Se 
| 


















































HEATING AND VENTILATING PLANT, EquiTaBLe BuiLpING 


















































278 














HEATING AND VENTILATING PLANT, EqQuiTABLE BuiLpDING 279 


it can be shut off in sections to provide for necessary repairs 
without necessitating a shut-down of the plant. 

Each engine cylinder is provided with a receiver separator 
having a capacity three times the capacity of the cylinder of 
the engine which it supplies. 

Bends are used wherever possible and the piping is anchored 
so that vibration 1s reduced to a minimum. The exhaust main 
is run in a trench and is graded toward the pump pit so that the 
condensation is all taken care of at one low point. This conden- 
sation is trapped through duplicate return traps to the dirty 
drip tank. 

The main exhaust pipe is connected to an expansion tank 
which is a combination muffler and grease extractor 5% ft. in 
diameter by 20 ft. long. This tank is not by-passed in accordance 
with the usual practice but an emergency connection 16” in 
diameter is taken from the 30” main and connected into the 
base of the smoke stack with a gate valve to same. (The smoke 
vtack is 1114 ft. diameter by 600 ft. high.) It is assumed that any 
repairs to the grease extractor tank can be made at night when 
the load is very light and that the 30” main can be cut out and 
the exhaust discharged into the stack without any inconvenience 
resulting. 

The pump main is shown on Fig. 3 and in addition to 
supplying the house pumps,’ fire pumps, vacuum pumps, air 
compressors and ice machine it furnishes an auxiliary supply 
of reduced pressure steam to the hot water heating tanks and 
to the heating system. The supply to the heating system, how- 
ever, passes into the expansion tank and muffler, which is used 
as the source of distribution of low pressure steam to the down- 
feed and up-feed heating systems, to the fan coils and to the 
hot water heaters, each of which has a separate connection from 
the muffler tank. 

From the main 30” outlet on the expansion tank and muffler 
a connection is taken to the base of the 30” riser, which resting 
on a concrete block at the second sub-basement floor extends in 
a straight line up through the pent house roof where it is capped 
with an exhaust head 600 feet above its base. Details of con- 
struction of this line are shown on Fig. 4. 

At the 34th floor there is an outlet left in this riser to which 
is connected the 24” heating main for the down-feed system. 
Above the outlet is a back pressure valve and in order to take 
up the expansion of the riser up to this point and avoid 
placing an undue strain on the heating main, an expansion joint 
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FIG. 4. DETAILS OF EXHAUST MAIN CONNECTION TO HEATING SYSTEM. 


is placed in the riser. All of the expansion from the base to the 
expansion joint is taken up at this point. The weight of the 
riser above the expansion joint is supported by means of a 
special fitting resting on the steel construction and bolted to 
same and all the expansion from this special fitting up goes 
through the roof. 
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The condensation from the riser is drained through a 4” loop 
seal to the clean drip tank with an emergency connection to 
the dirty drip tank. This loop seal is taken from the tee at the 
foot of the riser. It might be of some interest to note that this 
drip tee weighs 5,200 lbs. 

The 24 in. main starting at the ceiling of the 34th floor dis- 
tributes steam to the various risers in the usual manner and pre- 
sents no unusual features. The floors above the 34th are supplied 
by short up-feed risers connected to this main and the floors from 
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FIG. 4a. SUPPORT OF EXHAUST MAIN AT BASE. 


the 2nd to the 34th, are supplied by down-feed risers which 
generally start at 5 in. in diameter and reduce to a minimum of 
2 in. at the bottom. These risers are provided with expansion 
loops at the 4th, 12th, 20th and 28th floors and are anchored 
centrally between these floors. The return risers start at 34 in. in 
size at the top and increase to a maximum of 2% in. at the bottom 
and are provided with similar expansion loops and anchors. A 
typical expansion loop is shown in Fig. 5. 

The radiator branches are all run in the floor fill under the 


concrete and they are covered with 4 in. covering and further 


protected by a metal casing, of details as shown in Fig. 6. 
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Some idea of the immensity of the job may be gained from the 
fact that in the risers there are 61,000 feet of pipe and 5,000 
fittings and in the radiator branches there are 45,000 feet of 
pipe and 30,000 fittings. There are a total of 5,000 radiators 
throughout the building aggregating 155,000 sq. ft. of surface. 
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FIG. 5. TYPICAL EXPANSION LOOP IN RISERS. 





Most of this radiation is plain surface, single column, 32 in. high 
and all radiators are located under the windows. Each radiator 
1s provided with a wood wheel packless valve on the supply 
end and an expansion trap valve or vacuum valve on the return 
end. : 

The first floor is heated by means of a separate up-feed sys- 
tem with separate supply and return mains in order that the 
entire floor may be controlled independently of the balance of 
the building. 
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Separate return mains are run from the down-feed system, 
the up-feed system, the fan coils and the hot water heaters, and 
these connect into a 16” main header located near the vacuum 
pumps. The vacuum pumps are three in number and 10 x 16 x 
16 in. in size, any two of which are of sufficient size to take care 
of the entire job, maintaining 4 in. to 5 in. vacuum, and any single 
pump is sufficient in size to take care of the greatest indi- 
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FIG. 7. DETAILS OF EXHAUST RISER GUIDES. 


vidual load, which in this case would be the down-feed heating 
system. The discharge from the vacuum pumps goes direct to 
the air separating or receiving tank previously described. 

For supply and exhaust ventilation and forced blast heating 
in certain sections of the building there are installed a total 
of 28 fans. There are 12 supply fans having a total capacity of 
278,000 cu. ft. of air per minute. Seven of these fans are used in 
supplying fresh air for the ventilation of the portions of the 
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building below grade, which includes the mechanical plant, 
restaurants, etc.; one is used for supplying air for heating pur- 
poses to the main entrances ; and four fans are used for supplying 
fresh air for ventilation to the Bankers’ Club, on the 38th floor. 

There are 16 exhaust fans exhausting a total volume of 534,000 
cubic feet per minute. Seven of these fans exhaust from the 
mechanical plant, restaurants, etc., below grade, one from the 
banks on the first floor, one from the offices on the 5th floor, two 
from all toilets, and five from the Bankers’ Club, on the 38th floor. 
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FIG. 9. DETAILS OF VAPOR RISER GUIDES. 


There is a total motor capacity installed for operating these 
fans of 475 H.P. The motors are mounted on steel pedestals and 
direct connected to fans by means of solid flange couplings. 
Each motor is arranged for a 50 per cent. reduction in speed 
by means of armature control and a 10 per cent. increase in 
speed by means of field control. Separate armature controller 
and field controller, as well as circuit breaker, for each motor, are 
mounted on pink Tennessee marble panels, which panels are 
mounted on angle iron frames resting on the floor. 

Cheese cloth filters are furnished in connection with the fans 
supplying air to the boiler room, engine room, pump room and 
entrances. These filters are of sufficient area so that the velocity 
through them will not exceed 40 feet per minute in any case. 
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The cheese cloth is fastened to wood frames which are erected 
in angle iron framing in such manner as to be easily removable 
for cleaning. 

In connection with the balance of the supply fans there are 
installed eight air washers, Acme type, each one of sufficient size 
that the velocity of air passing through shall not exceed 500 
feet per minute. All air washers are made of 18 oz. copper and 
all piping in connection with same is brass, the pans being made 
of No. 10 iron lined with 18 oz. copper. 

In connection with all supply fans there are furnished cast iron 
tempering and reheating stacks, all properly proportioned to 
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temperatures and services required. The stacks in connection 
with the fans in the Bankers’ Club were supplied from the heat- 
ing mains on the 36th floor. All other stacks were located in 
the sub-basement and were supplied from a separate main direct 
from the grease extractor tank. Where possible al) stacks were 
connected up with steam at the top and return at the bottom 
at opposite ends, with the exception of stacks in which the esti- 
mated condensation is in excess of 400 lbs. per hour, In such 
cases steam connections were made at both ends of the stack 
at the top with corresponding returns at the bottom and to 
avoid short circuiting a brass return pipe was extended into the 
stack from each end towards the center. 
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All tempering stacks were supported’ on concrete piers and 
by-pass dampers were installed under the stacks between the 
piers, the dampers being controlled by cold air thermostats set 
in the ducts leading to the stacks. The discharge from the fans 
is carried to the different sections of the building through 
individual ducts provided with mixing dampers. The mixing 
dampers are controlled by room thermostats. There was over 
600 tons of sheet metal used in the construction of the ducts. 

The job is experiencing its first heating season and there 
has been no opportunity to secure any data in connection with 
the cost of operation. 


DISCUSSION 


S. R. Lewis: It occurs to me with reference to the installation 
of these boilers to accommodate stokers at some later date, that 
I have had two experiences with boilers where extra space was 
left for the installation of reverberatory arch furnaces. I have 
not had any tests made, that would demonstrate that their effi- 
ciency was increased by setting them in this way, but taking 
the statements of the people who are operating them, they are 
getting better efficiency than they were getting with ordinary 
setting. The boiler has about 2 ft. of extra space and is burning 
anthracite coal. I wonder if Mr. Driscoll has noticed any in- 
creased efficiency in his installation? 


M. WittiAM Eurevicu: In view of the fact that wind speed and 
leakage have here been so extensively discussed it might be of 
interest to know how the radiation was figured, that is, if any 
special allowance was made for the height and exposure of the 
building. I understand that the wind velocity increases in some 
ratio as the height from the ground is increased. The tempera- 
ture necessarily goes down in some similar proportion accord- 
ingly and there is a greater loss through the glass and exposed 
wall areas at various heights above the ground. Has this variable 
been taken care of in figuring the size of the radiators? 


Ws. J. Batpwin: Mr. Lewis has brought up the question of the 
height of boilers above the grate bars. I can refer him to an 
article in the Sanitary Engineer (now the Engineering, Record) in 
1883, on this question—an article, with results on boilers, that 
were operated at various distances from the grates showing the 
advantages of more height in the furnaces. 
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I will ask why it is that we take 24 to 36 in. as the accepted 
distance between the grate and the boiler, and I will answer it 
by saying I believe the reason is that we have been forced into 
it by basements and low cellars, and have accepted these condi- 
tions. 

As a matter of fact, if we can remove the heating surface of 
the boiler away from the fire, and not lose heat in transmission 
or by infiltration of air through the furnace wall, we will get 
better results than we do now;; if we can get the boiler away from 
the flame of the fire so that the combustion will be complete, the 
results will be better. Recent experiments are in this direction. 
The matter was known in 1883, but until recently it was not 
appreciated. 


A. A. Cary: Concerning the matter of raising boilers higher 
than usual, above the grate surface, there has been a growing 
tendency to do this recently. The best height to place a boiler 
above the grates depends largely upon the kind of fuel used. 


When bituminous coal is delivered upon a fuel bed, its volatile 
combustible matter is first distilled off and this gas rises and 
passes into. the combustion chamber, while the remaining coke 
(or fixed carbon) remains behind and burns directly upon the 
grate surface. The greater the percentage of volatile matter in 
the cual, the larger the combustion chamber must be. With 
anthracite coal you do not need as high a setting as with soft 
coal as its percentage of volatile matter is very low. 


There was an installation in the West where I placed the 
boiler so high above the grate that you could stand upon the 
grates, under the tubes, and walk around by only stooping 
slightly. This was a very successful installation, but they use 
a coal there running almost 40 per cent. in volatile matter. I 
would not think of using such a setting for anthracite coal. An 
anthracite coal setting with a height of from 24 to 30 in. above 
the grates is not necessarily the extreme limit to obtain econom- 
ical results, as has been commonly supposed. 


Tue Autuor: A definite answer to Mr. Lewis’ question would 
be hard to make at this time. We know the boilers are operating 
with economy, but whether it is due to the fact that they are high, 
or whether because the operation is being looked after carefully, 
we have not determined. I think that possibly within another year 
or so we can give out something more definite in connection 
with that. 
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In answer to Mr. [hrlich, | would state that a liberal allowance 
was made to cover leakage. After the building was designed and 
the radiation laid out, a change was made in the type of window 
to be used. It was decided to use Winslow windows, the upper 
and lower sash of which work together and may be swung in 
and set at different angles. There was a question as to whether 
additional radiation would be required in view of the use of 
these windows, and I was asked to investigate and determine, 1f 
! could, what the leakage through these windows would be. 
After some investigation, it was finally decided to add one sec- 
tion to each radiator throughout the building, so as not to take 
any chances, and this was done. The experiences with the win- 
dows, however, have been very satisfactory and the leakage has 
been only normal, but is influenced to some extent by the con- 
ditions on the upper and lower levels. : 











No. 408 
HEAT ANALYSIS OF A HOT-AIR FURNACE 


By Jon R. ALLEN, ANN Arsor, MICH. . 


Member 


HE object of the tests described in this article’ was to de- 
T termine the distribution of heat in a hot-air furnace and to 
find the constant of heat transmission for the heating 
surfaces. 
An average size of hot-air heater of standard make was used in 
the work. The experiments were made in the Mechanical Labo- 
ratory of the University of Michigan. 


Below is given data concerning the main dimensions of the 
furnace: 


Diameter of fire pot 

Depth of fire pot 

Diameter of casing 

Height of casing 

Grate surface 

Heating surface 69.3 sq. ft. 


The furnace was set up in the basement of the boiler room 
of the mechanical laboratory. It was erected on a brick setting 
about 24 in. high and about 8 ft. from the building wall. (See 
Fig. 1.) The inlet is from below and consists of a 14 x 72 in. 
vertical galvanized iron flue and an 18 x 24 in. horizontal brick 
and wood duct. The entrance to the flue is through a 3 x 4 ft. 
window in the west wall about 9 ft. above the floor. 

The outlets from the furnace are two 18 in. diameter pipes with 
a 5 ft. length slightly pitched and a 6 ft. vertical length. They are 
placed equidistant from the fire door with an angle of about 130 


Presented at the Annual Meeting of THe American Society oF HEATING AND VEN- 
TILATING ENGINEERS, New York, January, 1916. 
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degrees between them.. The nearly horizontal portion and 3 ft. 
of the vertical section are lagged with a covering of 1 in. of hair- 
felt over the customary asbestos paper in order that there would 
be no loss of heat from the air before it reached the thermoin- 
eters. 

The connection from the breeching to the brick chimney is 
a 9 in. pipe with a short vertical section and about 20 ft. with a 
pitch of 1% ft. in 10 ft. The chimney is about 40 ft. high with 
the above pipe entering it 10 ft. from the bottom. 

Recording thermometers, conveniently placed on the walls 
were used in measuring the temperature of the inlet air, outlet 
air. and exhaust gases from the fire. A 1 in. pipe was tapped into 
the breeching casing and through this gases from the fire were 
led to an automatic draft recorder and a Simmance-Abody CO, 
recorder. 


METHOD OF MEASURING THE QUANTITY OF AIR 


Several schemes were tried in the measurements of the out- 
let air, but the one finally adopted was to use an anemometer 
in the center of each pipe at the top. These were calibrated in 
place and under working conditions by means of a pitot tube 


and slant gauge. The pipe was traversed with the pitot tube 
in two directions at right angles to each other and ten readings 
were taken in each direction. The slant gauge was used with 
gasoline and a 20:1 slant and was calibrated after being used in 
the tests. 

The recording thermometers on the outlet air were calibrated 
by using mercury thermometers in eight positions in a cross- 
section of the pipe and taking the average temperature from 
these. The humidity of the air was found by using a stationary 
wet and dry bulb thermometer at the exit. In the inlet the 
recording thermometer was checked with a mercury one. The 
temperature of the gases over the fire was found with a Hoskins 
thermo-electric pyrometer having the couple protected from 
direct radiation by inserting it in the bowl of a porcelain cup 
well lined with asbestos. Temperature in the top of the flues 
was found with this pyrometer and in the radiator it was meas- 
ured with high reading mercury thermometers placed in mercury 
wells. In the breeching casing the recording thermometer was 
checked with a mercury thermometer inserted in a mercury 
well. All the mercury thermometers used were calibrated. The 
CO, recorder was checked with an Orsat apparatus and analyses 
were also made for CO when the CO, was high, but none was 
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found. The recording draft gauge was checked by comparison 
with a stationary gauge. Platform scales were used in the meas- 
urement of the weight of the fuel, ash and water. 


THE TESTS 


Two series of tests were run. One was with mixed nut and 
egg anthracite coal as fuel and the other with gas coke. In 
the first or coal series the plan was to fire the furnace and set the 
drafts for some definite period. In the second series the furnace 
was run under the same load, or difference of temperature be- 
tween the inlet and outlet air, as in the various coal tests and 
the length of firing period left to come as it might. 


MANNER OF TESTING 


In all the tests the start was made with the furnace hot and 
fire on the grates. An hour or two before the test was to start 
a fire was built in the furnace and the instruments put in place. 
At the time of starting the depth of fire and its condition was 
noted, and at the end of the test the fire was brought back to 
the same conditions. The refuse for the period was collected 
from the ash pit and weighed. The water pan always had water 
in it and was usually filled with ten pounds at a time. Anemom- 
meter readings were taken in general every half hour and about 
every eight hours the instruments were checked with the pitot 
tube. 


RESULTS OF THE TESTS 


On the following pages are given the results of six successful 
tests. The data in each column represents a test and the items 
explaining the figures are given at the left. Item § was found 
from the humidity charts of the American Blower Co. 

Item 11 was found from the anemometers. 

Item 12 equals item 11, times the area of the two outlet pipes. 

Item 13 equals item 12, times density of air. 

Item 18 was figured by finding from the ultimate analysis of 
the coal and the CO, record, the pounds of air used to burn a 
pound of fuel. The weight of gas per pound of fuel, times the 
weight of fuel used per hour divided by 60 gives the weight 
of gases per minute. 

Items 24, 25, 26 and 27 are from analyses of the fuel made 
by chemists from a sample obtained during the test. 
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Item 36 equals item 13 times 60 times specific heat times item 35. 

Item 37 equals item 33 times heat to evaporate one pound of 
steam. 

Item 38 equals item 36 times item 37. 

Item 39 equals item 18 times 60 times specific heat times (item 
15 minus item 10). 

Item 40 is computed from the weight of refuse drawn minus 
the theoretical weight of ash from analysis times the heat value 
per pound of fuel. 

Item 41 is computed by finding the areas of the different parts 
of the casing and assuming a co-efficient of heat transmission 
for each and multiplying the product of the two above quantities 
by the difference of temperature between the room and the gas 
inside the casing. 

Item 42 equals item 34 minus item 33 minus item 39 minus 
item 40 minus item 41. . 

Item 51 is the net efficiency or the efficiency of the furnace 
considering only the heat in the air going out of the pipes. 

Item 52. The heat from radiation is also useful as far as a 
house is concerned since it heats up the cellar and keeps the 
floors warm. The useful or gross efficiency of the furnace is 
therefore a comparison of the heat which is useful in the house 
to the heat put in the furnace. It was computed by adding item 
46, item 49 and one-half item 50. 

Item 58 equals item 57 divided by the product of item 56 and 
item 53. 


CONCLUSION 


The figures in the table are not absolutely correct. In 
making tests of this kind 5 per cent. of error was considered as 
about the minimum which could be expected, although all pos- 
sible corrections were made. This error, which practically can- 
not be eliminated, is accumulated through many sources, such 
as air leakage through the casing, probable difference in condi- 
tion of the fire at the beginning and end of the run, and so 
forth. 

It was found that in order to secure a satisfactory test it must 
last at least 24 hours. The longer the test and greater the num- 
ber of firing periods the more accurate are the results, particu- 
larly as regards the weight of coal fired. For this reason no 
test was less than 24 hours’ duration and the coke tests were run 
in one period of 81% hours. 
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The humidity as given in the tables is that measured at the 
outlet of the pipes and is not at all a measure of the humidity in 
the room heated by the furnace. In the latter case the humidity 
would be much higher, due to the lower temperature of the air 
in the room and the moisture in this air. Also the percentage of 
moisture in the air from the furnace would be higher after the 
air had cooled in the room since it contains a constant weight 
of water, tut the volume of air would be reduced: It was not 
possible to measure this humidity in the laboratory because of 
the large room and the very varying conditions in it. 

The measurement of the various temperatures was very dif- 
ficult because of the possibility of direct radiation from hotter 
surfaces to the thermometer bulbs. In the final position of the 
thermometers, however, they were placed so there could be no 
direct radiation, except perhaps in the case of the pyrometer 
used to measure the fire gas temperatures. This bulb was pro- 
tected very well by the cup already described and the error in 
temperature is probably very small. 

It is to be noted that in the tests the water pan always con- 
tained water, but this would not necessarily be true in the actual 
use of the furnace. 

The series of tests show that the efficiency of this hot air 
furnace is high. The combustion is good, equalling that of the 
modern cast iron steam boiler, and the temperature of the stack 
gases is not high. 

The co-efficient of heat transmission as found from these tests 
is lower than that obtained in cast iron house heating boilers. 
This is only an apparent constant as it is impossible to determine 
the quantity of heat received by the surfaces from the direct 
radiation of heat from the fire. 

In conclusion I wish to acknowledge the assistance of Pro- 
fessor J. E. Emswiler and Wyeth Allen, who conducted the tests 
and compiled the results, 
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Discussion oF Heat Anatysis oF A Hot-Air Furnace 
DISCUSSION 

Frank K. Cuew: In reading this paper, 1 found that it 
gave the amount of air delivered in pounds instead of cubic feet, 
and that is not what the furnace man wants. The weight of 
air differs, but using the figures in the table it is readily seen 
that a cubic foot weights about 15 lb. It would be of value in 
understanding the paper if a table giving the weight of a cubic 
foot of air at different temperatures was added. 

There were 5,000 lb. of air delivered, or 75,000 cu. ft. If four 
changes of air per hour are allowed due to leakage, it would be 
equivalent to a house of about 20,000 cu. ft. of space, which would 
be a house of about 30 x 35 ft., two stories high. 

From the figures given it appears that the furnace used would 
serve for a house of about 21,000 cu. ft., where the temperature 
does not fall very low. These figures should have been carried 
out a little further so that the manufacturers would be able to 
profit by them. A furnace of 24-inch grate surface and 48-inch 
casing would suit most people. If the house was very far north 
or south there would be other conditions, but a furnace of that 
size would be about right for that amount of work in that climate. 


Another thing—these figures are all the results of test condi- 
tions. Prof. Willard says that tests of this character do not 
give the information that the manufacturer needs, and that the 
proper way of testing a furnace is to pipe it to obtain or dupli- 
cate house conditions, which often reduces the effect of the fur- 


nace. 

Furnaces are mostly used in a class of buildings that many 
times have neither architect nor engineer, and it is the furnace 
man’s duty to take enough interest in them to have them work 
right and give the very highest possible efficiency. The Society 
should give some attention to this method of heating and the 
class of buildings to which it is especially adapted and try to 
go further with the work. The majority of the houses that are 
heated are for those who don’t know what it is to have an engi- 
neer. Usually the houses are built on speculation and only an 
inexperienced person goes over them. 

I think the ideal heater for small houses costing about $1,500 
is a good furnace that will operate efficiently and economically. 
I have had some experiences with the various methods of heat- 
ing houses and I know houses of low cost can be satisfactorily 
heated at a low cost. I know of a place where there were two 
houses ; one was always for rent and the other was always occu- 
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pied. In one house there were just two ordinary stoves, and in 
the other there was a furnace, and it didn’t take any more coal 
to heat four rooms with the furnace than it did to heat two with 
stoves, and the house with the furnace was more comfortable. 


J. J. BLrackmore: There is an illustration in Prof. Allen’s 
paper that shows how easily one may gain the required amount 
of humidity when using a furnace such as the one tested. i 
assume the evaporating pan was placed in the ordinary way in- 
side the door of the ash pit. The quantity of water used and 
the humidity generated is high, quite a little higher than would be 
obtained from such a furnace in use in ordinary private houses. 


M. WittiAmM Eureticu: I agree with Mr. Chew that a table 
should be given from which can be read either cubic feet or 
pounds of air. Another suggestion is to have a chart prepared 
for use as a conversion table. One scale could give the density 
of 1 cu. ft. of air in pounds and another scale could give the 
volume of 1 lb. in cubic feet, both varying with the temperature. 
It is interesting to note from the test figures that the weight 
of air is about 15 lb. at the working temperature and with a 
barometer of 29.5 in., whereas the theoretical or accepted tables 


give the weight of air at sea level at about 13.5 lb. This, of 
course, is probably due to humidity, dust and other local con- 
ditions. 


A. A. Cary: I appreciate Prof. Allen’s difficulties in endeavor- 
ing to obtain correct furnace temperatures. By placing the pyro- 
meter directly over the fire it is affected not only by the hot 
furnace gases surrounding it but also by the intense heat radiated 
from the fire bed which causes it to indicate a higher temperature 
than that actually existing in the furnace. It has not been found 
to be a simple matter to properly shield the hot junction of a 
thermoelectric pyrometer from the effects of radiant heat when 
exposed in a furnace. 

The method suggested by Prof. Allen is quite ingenious by 
using a porcelain teacup but even with this he questions whether 
he gets the correct temperature, and states that there is need for 
further correction. The radiation from the highly heated cup 
itself must be considered. 

Where a boiler is operated by furnaces having high tem- 
peratures you can use an optical pyrometer to great advantage. 
I have taken temperature readings from many boiler furnaces 
and after this long experience, I must confess that I find it 
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by no means simple to obtain the true temperature readings of 
such furnaces. ‘This subject needs much study and further care- 
ful investigation. 


Wm. J. Batpwin: We are indebted to Prof. Allen for this 
paper. He shows us that in the experiment he was able to get 
nearly 70 per cent. of the value of the coal into the rooms up- 
stairs. That is under test conditions, of course, but it is an item 
of interest that is of value to all the members of the Society. 

It is true that the majority of our members are not interested 
in furnace heating, but at the same time it is well for us to 
know the work a furnace is capable of performing. One of the 
particular features that we might investigate in furnace heating 
is how coal can be utilized to a better advantage as many of them 
are extravagant. I am certain that the efficiency would but 
rarely be anything like 70 per cent. 


Roy E. Lynp: This is an excellent paper, in that it demon- 
strates clearly that a heater of this type is fully as efficient 
as the steam and hot water heaters generally used for house 
heating. I have personally conducted many tests on warm 
air heaters, but have never been able to make as complete 
a test as that described in this paper, as I have not had all the 
necessary testing apparatus at my disposal. 

One of the interesting points which might be raised in con- 
nection with the data given is that an opportunity is afforded 
for comparing the velocity as found at the outlets with the 
velocities usually found in regular installations. Referring to 
the data given under Test No. 6, the density of the air leaving 
the warm air outlets is equal to 

item 12 89 ; 
o=iom 18 = 1352 = .0659 Ib. per cu. ft. 
The total height from the floor to the warm air outlets, as near 
as the writer can estimate it from the data given, is approxi- 
mately 16 ft. To arrive at the head producing flow of air 
through the heater, let us assume that the air from the center 
of the horizontal cold air in!et, 9 in. above the floor to the bottom 
of the heater, 2 ft. above the floor, is at the inlet temperature, 
37.7 deg. fahr., or 497.7 deg. absolute; the air from the bottom 
of the heater to the top of the heater, which is 7 ft. above the 
floor has a temperature which is a mean between the inlet and 
outlet temperature, 86.9 deg. fahr., or 546.9 deg. absolute; and 
the air from the top of the heater to the warm air outlets is at 
the outlet temperature, 136.1 deg. fahr., or 596.1 deg. absolute. 
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Then the head producing the flow of air is equal to the differ- 
ence between the weight of this column of air, and the weight 
of a column of equal height, but at the inlet temperature. We 
have shown that the density of the air at the outlet temperature 
is .0659 lb. per cu. ft. The density at the inlet temperature 
would be 


596.1 


d, = .0659 x = .0790 Ib. per cu. ft. 


497.7 
and the mean density of the air passing through the heater 


would be 
96.1 
d, = .0659 x69 > .0718 lb. per cu. ft. 
Then the head producing flow in ounces per sq. in. is equal to 
(15.25x.0790)—| (1.25x.0790) + (5x.0718) + (9x.0659) ]x16 


144 





hr 


= .01712 oz. per sq. in. 
The theoretical velocity at the inlet to the heater correspond- 
ing to this head is equal to (Fan Engineering, The Buffalo 
Forge Co.), 


V; = 1444.5 mil 


in which V; = velocity at inlet in ft. per min. 
P = head in oz. per sq. in. 
W = density of air at inlet temperature. 


Then we have 
V; — 1444.5 Fit 
0.0790 


= 672 ft. per min. 
Then the theoretical outlet velocity would be equal to 
596.1 3.00 
497.7 * 3.53 
= 684 ft. per min. 


V¥,=62= 


207.7 = the ratio 


In the above derivation of the value of V,, 


0 
of absolute temperatures at outlet and inlet, and 33 = the 
ratio between inlet and outlet areas. 
The actual outlet velocity, as indicated in item 11 was 382.5 


382.5 


aay _:«O85.9 per cent. of the theoretical. In 


ft. per min., or 684 
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heating installations where all the air is taken from outdoors 
and no vent flues are provided, and a relatively high static pres- 
sure is set up in the heated rooms, it is safe to assume that one- 
third of the theoretical velocity will maintain in the warm air 
pipes. In re-circulating systems, where relatively little static 
pressure is set up in the heated rooms, the actual velocity will 
run as high as half of the theoretical. The high velocity ratio 
obtained in these tests was due, no doubt, to the very large 
inlet window and vertical cold air bex, and to the fact that 
the two large warm air pipes had very much less resistance 
than the usual six or eight small pipes of about the same area, 
which would generally be used. Also in practice we have regis- 
ters over the outlets, and usually rectangular risers to the upper 
floors, both of which items materially increase the resistance. 

It is also interesting to note the relation between the static 
head representing the loss in pressure of the air passing through 
the heater, due to friction, change of velocity, change of direction, 
etc., and the velocity head, or the head necessary to produce the 
velocity in Test No. 6 was 382.5 ft. per min. The actual inlet 
velocity would then be 
497.7 3.53 
596.1 * 3.00 
= 376 ft. per min. 





Vi = 382.5 x 


The velocity head corresponding to this is equal to 


A 2 
P,=W ( V1 ) 
¥ 1444.5 


the symbols used being the same as the case where another form 
of the same formula is used above. 


Then we have 


1444.5 
= .00535 oz. per sq. in. 
The total head, we have shown above, is 
P, = .01712 
Then the static head is equal to 
P, = P, — P, = .01177 oz. per sq. in. 
or 2.2 velocity heads. ‘ 

It is to be regretted that no more accurate method of measur- 
ing velocities was available than the anemometer, which is an 
unreliable instrument at best. It has occurred to the writer that 
such tests as those made by Mr. Allen could be made a little 
more accurate by feeding the air to the heater by means of a 


376 as 
Fy = .0790 
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fan and a small duct connecting with the casing of the heater 
by means of a diverging nozzle, the whole apparatus being so 
proportioned that the same velocity of air could be maintained at 
the warm air outlets, and at the same time a relatively high 
velocity could be maintained in the duct leading from the fan. 
The air velocity in the supply duct could then be measured by 
means of a pitot tube, a venturi meter, an (rifice, or a Thompson 
electric meter. It seems to me that more accurate determinations 
of the quantity of air flowing through tlie heater could be made in 
this way. 

Another point deserving of comment in connection with these 
tests is the determination of the values of K, as shown in item 
58. I do not believe Mr. Allen’s figure is correct, as he assumes 
that the average gas temperature, in Test No. 11 for example, is 
504 deg. Now this is all right for the gases only, but about three- 
quarters of the heat transmitted by the heating surface, as I shall 
show, is transmitted by the surface of the fire-pot, the fire in 
which is at a much higher temperature than 504 deg. Also the 
heat transmitted by the heating surfaces is not item 36, as Mr. 
Allen gives it, but item 36 + item 41 + % item 42. Let us in- 
vestigate this question. 


The weight of gases per hour, referring always to Test No. 
11, is: 


G = 60 x item 18 
= 60x 4.9 
= 294 Ib. per hour. 


The temperature over the fire (item 14) is given as 691 deg. fahr. 
It seems safe to assume that combustion is practically complete 
when this temperature is reached. The flue temperature (item 
15) is given as 318.4 deg. fahr. Then the heat transmitted by 
the heating surfaces above the fire is equal to 
H, = 294x (691 — 318.4) x .23%5 
= 26000 B.t.u. per hour. 


The total heat transmitted by all the heating surfaces amounts to 
H, = item 38 + item 41 + ™% item 42 
= 111470 B.t.u. per hour. 
The heat transmitted by the fire-pot surface is therefore 
H, = H, — H, = 85470. 


~ 


The firepot surface therefore transmits are or 76.7 per cent. 
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of the total, and the heating surface other than the firepot trans- 
mits or or 23.3 per cent. of the total. Now the firepot is 
111470 

22 inches in diameter at the top, 19.17 inches in diameter at the 
bottom, and 16 inches deep, and has approximately 8 sq. ft. of 
heating surface. The total heating surface is given as 96.3 sq. ft. 
Therefore the heating surface, other than the firepot, amounts to 
61.3 sq. ft. 

The heat transmitted by the firepot per sq. ft. per hour, there- 
fore, amounts to —— , or 10684 B.t.u. per sq. ft. per hour, and 


, . , 26000 
by the heating surface other than the firepot, +. or 424 B.t.u. 


2 


6 
per sq. ft. per hour. Now to get the average temperature of the 
air outside of the firepot, it is necessary for us to assume that all 
the heat from the firepot which is absorbed by the air is utilized 
in raising the temperature of the air to some temperature, and 
that none of the heat from the other heating surface is absorbed 
by the air until after that temperature is reached. After that 
temperature is reached, all of the heat absorbed by the air from 
the surfaces above the firepot is utilized in bringing the air up 
to the outlet temperature. This is equivalent to saying that the 
firepot is assumed to do its work alone first, and then the other 
surfaces alone do their work. 

The total amount of heat given out per hour by all the heat- 
ing surfaces is 111470 B.t.u., but only 87400 B.t.u. are utilized in 
raising the temperature of the air. Therefore the portion of the 
heat given off per hour by the firepot, which is utilized in raising 
the temperature of the air, is tt x 85470, or 67000 B.t.u., 

111470 
and the amount of heat transmitted per hour by the other sur- 
faces, which is utilized in raising the temperature of the air is 
87400 — 67000 = 20400 B.t.u. The temperature rise due to the 
heat from the firepot is then 
67000 

60 x 87.8 x .2375 
and the temperature of the air after it has received all the heat 
from the firepot is 39.6 + 53.5 = 93.1 deg. 

Now, considering first the surface above the firepot ; the mean 


= 53.5 deg. 





temperature of the air outside this surface is 


9.2—93. 
99:34 2S) 101.1 dew. 


) 


~w 
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The mean temperature of the gases inside this surface is 
a 21° 
318.4 + =— —— = 504.7 deg. 
The value of the co-efficient for this part of the surface is then 
424 
504.7-— 101.1 
= 1. 

The theoretical elevation of temperature of the fire, according 
to Kent, is equal to the quotient obtained by dividing the heat 
produced by the combustion in any unit of time by the product 
of the weight of gases produced in the same time multiplied by 
the specific heat of the gases. Therefore the elevation of tem- 
perature is equal to 

138700 
294 x .2375 
room. 

The theoretical temperature of the fire is then t, = 1986 + 74 = 
2060 deg. fahr. approximately. 

The mean temperature outside the firepot is 
101.1 — 39.6 . 
36.6 —- —— = 0.4 


» 


w 








K = 


= 1986 deg. above the temperature of the air in the 


Then the value of K for the firepot is equal to 
=e 10684 
2060 — 70.4 


== §.37 





This value of K for the firepot surface is based on the assumption 
that the fire has the maximum theoretical temperature. The tem- 
perature of the fire appears in the denominator of the above ex- 
pression so that any reduction in the fire temperature would 
produce a correspondingly higher value for K. Therefore, as 
the temperature of the fire is undoubtedly less than the theoreti- 
cal, it is safe to say that the value of K given for the firepot sur- 
face will be less than the actual K for the same surface. In other 
words, K for the firepot surface will actually be greater than 
5.37. 

Tue Autuor: Of course, I must admit the inadequacy of these 
tests, in regard to actual house conditions, but it is almost impossible 
to test a furnace under such conditions. The complication of 
apparatus would be so great and the number of men required so 
large as to be prohibitive. 

More water was used in the water pan than would be used 
in the average residence. The water pan was filled every 
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hour, which goes to show that to properly humidify the air in a 
furnace it is necessary to have the water supplied to the water 
pan automatically. 

The question of determining the temperatures of the hot gases 
in the furnace involves many difficulties, and in any furnace can 
only be an approximation. Even after the temperature of the air 
in the furnace is obtained this is not the temperature of the in- 
side surfaces of the furnace, as these surfaces receive some 
radiant heat directly from the fire. I have tried to obtain the 
temperature of the inside of the hot surface in the furnace in many 
different ways, but I am not satisfied with the results. I hope 
some good methods will be worked out for the solving of this 
problem. 

The furnace was operated as nearly as possible under ordinary 
conditions of firing at about 8-hour periods. The furnace used 
was new and tight, and no doubt gave better results than would 
be obtained with a furnace after it has been in operation for 
some time. But the conditions could probably be duplicated in a 
furnace operated with very good attendance under house condi- 
tions. 





No. 409 
THE PREVENTION OF CORROSION IN PIPE 


By F. N. Speccer, Pitrspurcn, Pa. 


Member 


ASUAL observation will show very marked differences in the 
C degree of corrosion of pipe in service. For instance, hot 

water heating systems and sprinkler systems show practically 
no deterioration in service after twenty-five years, while low pres- 
sure steam returns sometimes give trouble after fifteen years’ 
service or less. Galvanized pipe in hot water supply systems, 
where the water is heated under pressure, lasts from about five 
years upwards, depending on the temperature and quality of 
the water and volume of flow. The last named condition is so 
severe on iron and steel pipe that many are compelled to use 
brass pipe, at a cost approximately ten times that of galvan- 
ized pipe. These few instances are the extremes, but are surely 
suggestive when we consider that in pipe carrying ordinary 
water under some conditions there is no apparent deterioration 
in a generation; whereas in other cases, the same grade of pipe 
is seriously damaged in a very few years. A few illustrations 
of the present condition of old sprinkler lines after long service 
are shown in Fig. 1 and Fig. 2. 


Some years ago, when steel pipe was comparatively unknown 
and not fully developed, it was natural to question this material, 
but comparisons of the modern wrought iron and steel pipe in 
the same lines in service have shown beyond any question that 
where corrosion is found one material suffers on the average 
as much as the other. Some references to practical comparisons 
of the life of various wrought pipe carrying water will be found 
in a paper by L. C. Wilson entitled “Wrought Iron or Steel 
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FIG. 1. 





SECTIONS OF SPRINKLER PIPES AFTER YEARS OF SERVICE. 











PREVENTION OF CORROSION IN PIPE 


Pipes?” in The Engineering Magazine for November, 1915. 

It has been the custom of the writer to keep several service 
tests under way continuously for the past few years. In every 
case the co-operation of some local engineer or organization is 
sought under whose immediate direction the test is conducted. 
One of the most recent to be completed may be described as 
an example of the method pursued in conducting such tests. 
This test was made in the Pennsylvania Building, Philadelphia, 
Pa., by Mr. Munsey, engineer. Four standard grades of pipe of 
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FIG. 2. SECTIONS OF SPRINKLER PIPES AFTER YEARS OF SERVICE. 


well known manufacture were selected and four pieces of each 
taken at random and coupled together alternately so that the 
hot water passed through each sample at the same temperature. 


DetaiLs or TEsts 

Date installed—October 27, 1913. 

Date removed—November 20, 1915. 

l.ocation—Hot water return line, Pennsylvania Building, 
Philadelphia. 

Temperature of water—175 degrees Fahrenheit average. 

Amount of water—5,000 gallons per day for 600 days. 
Method of installation—In form of box coil. 
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TABLE 1. CoRROSION MEASUREMENTS 

































Depth of pitting in inches 





Average of. 


: Sample 10 deepest pits Deepest 
Lot Material Number in each piece Pit 
A Steel 1 .068 094 
& . 2 087 124 
™ ? 3 045 050 | 
™ " 4 063 074 
B Steel 5 .079 .104 
si as 6 056 094 
> “ 7 054 065 
bi : 8 .070 081 
C Iron 9 065 .073 
. a 10 072 097 
5 r 11 078 105 
™ = 2 077 080 
D Iron 13 055 075 
4 ss 14 067 112 
Ks 2s 15 067 078 
Kg 16 073 .090 
A Steel General Average .066 085 
B 5 a . .067 086 
C Iron gi 7 073 089 
D = ” = 66 088 


A resume of a large number of these service tests compiled 
from several sources is given in Table 2. 

Inasmuch as both materials have been found to fail in about 
the same time under the same conditions, and as both have 
shown practically no deterioration after many years under other 
conditions, it would seem that with a correct understanding of 
the fundamental causes of corrosion a practical solution of this 
problem should be possible. The author has devoted a consid- 
erable portion of his time for the past ten years to a study of 
the factors governing corrosion of pipe in service, and is writ- 
ing this paper in order to open up a more general discussion 
of preventative measures. 

The inside of pipe is subject to peeuliar conditions not to be 
compared with external corrosion, and the inside surface is par- 
ticularly vulnerable in that protective coatings are difficult to 
apply, therefore more liable to be defective. 

Consider for a moment the situation in a hot water heating 
system and a hot water supply system where the temperature of 
the water is about the same. It is evident that the water 
alone is not responsible for the results observed, but rather 
something brought in with the water. The hot water heating 
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TABLE 2 


SUMMARY OF RESULTS OF INVESTIGATIONS OF THE CORROSION OF 
IRON AND STEEL IN ACTUAL SERVICE 













































































Average of 
Length of Time Number of Deepest Pits References for 
No.|Date] Locality | Pipe Lines Were a Authority yi . Details and Remarks 
Iron Bteel 

1 | 1910) New York |3 yrs. and|Hot water |Prof.IraH.| |89 samples EQUAL Eng. News, Dec. * 
City bath- | over supply ser- Woolson,| secured, of % 1910, p. 630; us. &. 
houses. vite. Bulletin No. 2. This 

mee - rought was a test of iron and 
iron and steel pipe in actual ser- 
ltheremain- vice continued to des- 
|der steel. truction. 

2 |1910] Frick Coke] 6 mos. to 7¥2-| Boiler feed |Research |2llotscom-| .112” 108" | ~ Eng. Review, April, 
Co. power|8 yrs., vary-| water lines. |Laboratory,prising 52) 100¢ 96%* | 1911; N. T. C. Bulletin 
plants. ing with the Nationa | samples, of N 3; Amer. Soc. 

comparisons Tube Co. jwhich 26 Heating & Ventilating 
secured. are iron Engrs., 1911. Pipe 
and 26 samples secured from 
steel. | lines in actual use. In 
22 cases of adjacent 
iron and steel pipes in 
same lines, 13 compari- 
sons favor steel and 9 
iron. 

3 {1911} Cresson|6 mos. to 10| Hot and cold |Research|9 compari-| .100” | .085"*| Pipe samples secured 
(Pa) coal | yrs., varying | water boiler | Laboratory|sonsofiron| 100% 85%* | from lines in actualuse. 
fields with the com- | feed lines; |National|and steel | In 9 cases of adjacent 

parisons se-|pump dis-|TubeCo. |found to- iron and steel pipes 
cured. charge lines. gether. found in same lines, 4 
comparisons favor 
steel and 2 iron; in 3 
casés the steel and iron 
are equally corroded. 

4/1911) Allegheny | Between 7|Hot water/|Research|69 samples) .105” | .105’* |’ Conditions those of 
General /and 8 years. |supply ser-|Laboratory/from hot| 100% | 100%*| actual service, and 
Hospital. vice. National! | water lines, pipe was tested to des- 

Tube Co. |42 wrought truction. In 13 cases of 
iron and 27 adjacent iron and steel 
steel. ipes found in same 

ines, 7 cases favor 
steel and 6 iron. 

§ |1911| New Eng-|2 yrs. to 17] Hot and cold | Dr. H.|54compari-| :069” | .063’* ~ Eng. News, Dec. 21, 
land In-|/yrs., varying | water, live Walker, Di-|sons ofiron| 100¢ B1%*| 1911; Jour. of New Eng- 
vestiga-|withthecom-|and exhaust |rector Re-land steel land Water Wks. Assn. 
tion. parisons se-|steam, brine, |searchLab-|found to- Jan., 1912. Actual ser- 
cured. Aver-| boiler blow | oratory of — in vice "conditions. In 54 
age 9 yrs. off lines, etc. apetie? ot water cases of adjacent iron 
Chemistry,/and steam and steel pipes found 

‘Massachu-|lines. in same line, 20 favor 

setts Insti- steel and 18 iron, 9 

tute of show no difference in 

Technol- corrosion and 7 no 

ogy. corrosion at all. 
- ™ hose of 

6 |1913] New York |6 to 10 years. |} Hot water|Dr Wm.|From 60] .095 .0677| Conditions t 
City Hotel ‘supply and|Campbell,|samples 9} 100% | 70.5% oa service, > 
Investiga- steam return | Columbia | compari- The _to destruc we 
tion. lines. University, |sons ofiron ne iron samples 

co-operat- | and steel failed in 20 spots; the 

ing with | were found steel tailed in 2 places; 

Research due to pitting. 

Laboratory 

N. T. Co. 








NOTE—Depth of pitting in wrought iron samples considered as 100% in all cases. 





. : 
*Calculated from the deepest pit in each sample. 
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lines have started to rust and then the action has apparently 
stopped, while in hot water supply lines the action is con- 
tinuous and rapid: so much so, that if the pipe does not fail by 
leaking it may be plugged up tight with the reddish hydroxide 
of iron. The only way to account for this accumulation of 
oxide of iron is through the oxygen in solution in the cold feed 
water, amounting to 6 to 10 cubic centimeters per liter accord- 
ing to the temperature and quality of the water. This very 
small percentage of oxygen is apparently the measure of the 
destructive power of the water and accounts for the fact that 
a limited volume of water has no serious action on iron, whereas 
when this water is renewed continually, especially when heated, 
the results are liable to be most disastrous. It will be useful 
to consider the mechanism of corrosion before discussing ways 
and means for preventing this action. 

All water supplies carry more or less foreign matter in solu- 
tion. What are usually considered the purest natural water 
supplies are generally saturated with oxygen and carbonic acid, 
which cause such waters to be very corrosive particularly when 
heated. Iron in all its forms is soluble in water to the amount 
of a few parts per million, depending on its composition and 
that of the water. In this treatise, in referring to water in con- 
nection with corrosion, it will be understood to include domestic 
supplies of the usual degree of purity. Chemically pure water 
does not occur in nature, and therefore may be omitted from 
consideration. 

The phenomenon of solution is now generally explained as an 
electrochemical reaction. When pieces of zinc and copper are 
connected together and suspended in water, a current of elec- 
tricity starts to flow through the water from the zinc to the 
copper. The zinc is termed the anode and the copper the 
cathode. While the current flows the zinc goes into solution, 
the amount dissolved being proportional to the current accord- 
ing to Faraday’s Law. 

If we replace the zinc with a piece of iron, a current flows 
in the same direction and iron will be found in solution. Sup- 
pose we now replace the copper with another piece of iron. A 
small current of electricity will still flow, but not necessarily in 
the same direction, this depending upon the relative surface con- 
dition of the two pieces of iron. 

It is this small current flowing between one piece of iron and 
another under water which causes iron to enter solution, and 
this is now recognized as the initial reaction of corrosion. Solu- 
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tion is hastened by carbonic acid and mineral salts in solution, 
as these make the water a better electrolyte. However, it has 
been proved that iron will dissolve to some extent in the purest 
water that has yet been made. If the iron is exposed to nothing 
but water this reaction will soon cease, due to the accumulation 
of hydrogen at the cathode causing polarization; and this is 
what actually happens in practice in hot water heating and other 
systems in which the water and consequently the supply of free 
oxygen is not renewed. On the other hand, when oxygen is 
present it combines with the hydrogen, depolarizing the surface 
of the iron and thus causing solution of the iron to continue. 
Oxygen enters further into the reaction by combining with the 
ferrous hydroxide to form insoluble ferric hydroxide, generally 
known as rust. With an unlimited supply of water and oxygen, 
corrosion will continue until the iron, is all converted into the 
form of ferric hydroxide. 

So far most of the authorities are agreed as to the cause of 
corrosion, although there has been considerable scientific argu- 
ment as to whether a trace of carbonic acid (CO,) is necessary 
or not for the solution of iron. For all practical purposes we 
can let this question rest and combine the acid and electrolytic 
theories into one, as outlined above, which affords the best ex- 
planation of the observed facts available at this time. 

Ever since the electrochemical theory of corrosion was pro- 
posed by Whitney in 1903 there has been a division of opinion 
as to the cause of the difference of potential observed between 
two pieces of iron. The majority at first assumed that this 
was due to variation in composition of the metal, and the manu- 
facture of iron of a high degree of purity in the open hearth 
furnace was heralded with great expectations as to durability. 
So far, after several years of trial it has not been found that 
such iron is so well adapted for the manufacture of pipe as the 
grade of soft weldable steel now generally used for this purpose. 

In the year 1904 the writer started a study of the potential 
differences as found on the surface of iron of various composi- 
tions, and has invariably found just as much difference in poten- 
tial on the surface of very pure iron as on steel or wrought iron 
of ordinary commercial quality. Subsequent observations, cov- 
ering several years of service with pure iron, open hearth and 
Bessemer steel and wrought iron of the quality required for 
the manufacture of wrought pipe, have confirmed the conclu- 
sion expressed by the writer after his earlier experiments; viz., 
that composition has very little to do with the rate of corrosion 
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of these metals under water. It should be remembered, how- 
ever, that conditions underground or inside pipe lines are not 
the same as when exposed to the atmosphere, so that these con- 
clusions do not apply to materials subjected directly to atmos- 
pheric conditions, such as metal roofing, which is another problem. 


The tests and experiments referred to indicate that differences 
in finish and density of the material, particularly the character 
of the mill scale and how firmly it is attached, usually determine 
where corrosion starts and how it proceeds. The difference of 
potential due to surface influences was found to be many times 
greater than that due to variations in composition in the ordi- 
nary run of steel, and predominated over all other influences in 
nearly every case. These conclusions were tested in the most 
critical manner and have since been borne out by service tests 
of several years’ duration. 

Among the surface influences which directed the course of 
corrosion, it was found that rust, when once formed, was nearly 
as potent as mill scale in its effect on corrosion. Some recent 
work by Mr. James Aston, M. E. of the U. S. Bureau of Mines, 
confirms these conclusions, but goes further in showing that 
the influence of rust in some cases is to render the metal under- 
neath the rust anodic. As the mill scale is always the cathode, 
there is every reason to believe that we may have in certain 
places on the surface nearly double the difference of potential 
which was expected and this without reference to the actual com- 
position of the iron or variations thereof. Everything seems to 
point to this explanation of the cause of pitting as being the 
true one. Under some conditions of service in water lines or 
boilers it frequently happens that the tubes, which prove to be 
of a high standard of quality as regards chemical composition, 
structure aad physical properties of the metal, have rapidly pitted 
through in places. The difference of potential and the current 
which thereby flowed from the exposed places to the firmly at- 
tached mill scale, especially after the exposed metal becomes 
covered with rust, affords a satisfactory explanation of the rapid 
pitting observed in such cases. 


The current flowing between two points on the surface of a 
piece of iron is very difficult to measure accurately; however, 
we have frequently observed currents as high as one milli-ampere 
flowing between steel electrodes in McKeesport city water, one 
plate being clean and the other covered with mill scale. In 
Table 3 are given some typical readings between plates of the same 
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area made with a milli-ammeter having an internal resistance of 
8 ohms. The electrolyte used was McKeesport city water. 


TABLE 8. Data or ELEctTROLyTIC TESTS ON STEEL AT MCKEESPORT 


Current Material of 
Submerged divided by the Distance plates 
area of Current in square root of between 
ny milli-amperes the Be of plates Clean soft steel plate 
free from scale (posi- 
0.155 07 18 a tive). Same _ with 
0.338 10 16 . light coating of mill 
1.643 .25 .20 1” scale (negative). 
3.875 48 .24 Plug of pipe steel 
16.430 98 .24 i (positive). Similar 
0.062 .06-.09 Sai ¥,” area on skelp with 
0.342 .14-.18 oe _ light mill scale (neg- 
16.430 2.02 nae 4%” ative). : 


It might seem at first that these currents are too small to 
cause serious damage. A rough calculation based on these ex- 
periments will indicate the ultimate result from such currents 
acting continuously with certain submerged areas of electrodes: 

1 ampere acting for 6 months, will dissolve 10 lb. of iron, 
or a plate 12 x 12 x 4 inches thick. 

1 milli-ampere acting for 6 months, will dissolve .144 sq. in. 
of this plate, making a hole about 7/16-inch in diameter 
x 44-inch deep. 

0.1 milli-ampere acting for 60 months, will perforate this 
plate with a hole of the same size. 

This rate of pitting is not so far different from that experienced 
under some conditions of service. The remedy seems to lie in the 
elimination of dissolved oxygen. from water before use. This may 
be accomplished in practice in at least two ways: 

1. By allowing the hot water to come to rest for a few min- 
utes under greatly reduced pressure. As no reliable data could 
be found on the amount of oxygen retained in solution in water 
at various, temperatures and pressures, a series of experiments 
were run to determine these constants. The results are given in 
Fig. 3. Evidently the pressure must be reduced below normal 
or the temperature raised nearly to the boiling point with the 
water at atmospheric pressure to get proper separation of oxygen 
and other gases. 

In order to test this out on a practical scale the hot water 
supply system of the Mellon Institute of the University of Pitts- 
burgh, was altered so as to operate in part as an open system 
under atmospheric pressure or partial vacuum. As there has 
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been some delay in getting the preparatory work completed 
results of this trial will have to be deferred for a supplementary 
paper. 

Fig. 4 is a photograph of some 2-inch wrought iron and steel 
pipe (galvanized) after thirteen years in the Columbia Baths, 
Atlantic City, N. J..—an “open” heating system. The small pipe 
in the same picture shows the condition of some copper pipe 
used under the same conditions in a “closed” heating system 
for only six months. At the Columbia Baths the salt water was 
heate| to about 180 degrees Fahrenheit in an open tank from which 
it was run by gravity to the system. This pipe was in continuous 
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FIG. 4. SECTIONS OF GALVANIZED PIPE AFTER 13 YEARS. 


use during the season for this period. The galvanized pipe was 
practically as good as new, showing that even salt water is practically 
harmless when de-aerated to this extent. 

2. An alternative method of reducing corrosion in water lines 
by satisfying or “fixing” the free oxygen was tried out by the 
writer several years ago, using clean iron turnings. It was 
found difficult to get the scrap free from oil, and after rusting 
had progressed for some time there was a tendency for the 
mass to cake together and so impede the flow. By using sheet 
iron, so formed as to provide a large number of channels with 
about %-inch clear passage through which the hot water slowly 
percolates, we expect that these difficulties will be overcome. 
Some determinations of the rate at which the free oxygen is 
removed from water. by this system are given in Fig. 5. The 
rate of rusting varies with the surface condition of the plates, 





AUALVM WOUA SILVAVdAS NADAXO AAYA HOIHM LV ALVA ONIMOHS LUYVHD ‘S ‘DIA 


DEE OM “MMOA MSN “OD U3SS2 8 194939 


— 
= 
a 
z 
Zz 
=) 
n 
9 
& 
4 
° 
O 
~ 
ro} 
z 
re} 
= 
z 
E 
= 
oO 











PINS/SM VV SRS aU 


A 
x) 
— 
< 
¥ 
< 
4 
x 
f 
Z. 
1 
~ 
A 
°) 
2) 
2) 
4 
a 


3 RATE AT WHICH 


CHART SHOWING 


S 


FIG. § 


PREVENTION OF CoRROSION IN PIPE 323 


becoming more rapid as the surface is covered with a good coat- 
ing of oxide. The speed of rusting is 50 per cent. more rapid 
at 110 lbs. per sq. in. pressure than at atmospheric pressure, and, 
of course, the time required to “fix” the free oxygen of the water 
varies with the amount of surface of metal exposed per cubic 
foot and other conditions which are liable to vary. For these 
reasons, the results given in Fig. 5 are only relatively correct 
for the conditions stated. 

On this principle, two small plants have been equipped to 
carry out this method of treatment in practice. These systems 
were installed at places where considerable trouble has already 
been developed through the clogging and corrosion of galvan- 
ized pipes. 

These plants, which have only been operating a short time, 
show a reduction of oxygen contents from 8 or 9 c.c. per liter 
to 0.1 to 1 cc. per liter according to the rate of flow and tem- 
perature. At present it seems desirable to design the plant so that 
the oxygen contents will be less than 1 c.c. per liter at all times, 
at which point corrosion seems to be reduced to a negligible amount. 
Some more definite data on this point will be available after these 
plants have been in operation for several months. The indications 
are that the rate of rusting of the plates, and hence the efficiency 
of the apparatus, will increase with. time. Water should be in 
contact with the plates for at least ten minutes. 

Similarly, the corrosion of low pressure steam lines will be 
found to depend principally on the amount of oxygen which 
finds access to the system. The return lines naturally suffer 
the most and are usually the first to show failure. Condensed 
water when freed from oxygen in solution is harmless, and will 
not even tarnish bright iron after months of exposure; but this 
water, on account of its great purity, has greater capacity for 
solution of oxygen than the average natural water and is there- 
fore apt to be very corrosive when aerated. This may be pre- 
vented in large measure by using an open feed water heater and 
keeping the water over 185 degrees Fahrenheit. 

In some cases the surface of the pipe may be protected with 
a film of oil deposited from the steam. The writer’s attention 
was recently called to the satisfactory results obtained in some 
buildings using exhaust steam which on investigation was ac- 
counted for by the thin film of oil found on the inside of these 
pipes. This was such an interesting matter that we made some 
tests ‘in the research laboratory on long lines of new pipe and 
found that mineral lubricating oil, when dropped into a pipe 
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carrying steam under pressure at the rate of two drops per 
minute, was carried forward in a fine state of division and in a 
few minutes was found condensed in a uniform film in the pipe 
about 160 feet from the lubricator. While this simple means of 
protection would perhaps be objectionable in some cases, there 
are many steam heating systems where the oil could do no harm 
and might result in considerably prolonging the life of the lines. 
Of course, nothing but a good grade of mineral lubricating oil 
should be used, and the supply should be regulated by a reliable 
sight feed lubricator. 
5" Pipe connected 
to Hot Water Supply 
0 __-4"Three Way Cock 
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FIG. 6. LABORATORY APPARATUS USED TO DETERMINE RATE OF 
DEOXIDATION GIVEN IN FIG. 5. 


Drying kilns and greenhouses use annually a very large 
amount of pipe for steam heating and under certain conditions 
are subject to rather rapid deterioration from inside corrosion 
due to the large amount of water condensed in the returns. A 
case of this kind was investigated by the writer last summer, 
where corrosion had developed on the low temperature end of 
the system due to oxygen brought in with the feed water. The 
same plant had been operating for fifteen years without troubie 
using an open hot well kept at high temperature. Due to en- 
larged demands on the system certain changes were made by 
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which the temperature of the water from the hot well, from 
which the feed pumps drew their supply, was reduced below 
120 degrees Fahrenheit. At this temperature the amount of 
oxygen in solution is about three and one-half times the amount 
found in water at 180 degrees Fahrenheit, most of which was of 
course absorbed in the water of condensation in the returns, 
making possible the corrosion of the pipe. A higher tempera- 
ture in the hot well and the use of a lubricator were recom- 
mended. 

Summarizing very approximately, the influence of various fac- 
tors on corrosion, it appears from the experience we have at 
present that developments in the metallurgy and manufacture of 
steel pipe promise to add 50 or perhaps 100 per cent. to the life 
of pipe compared with the service obtained under like condi- 
tions ten or twelve years ago. However, it appears well within 
the bounds of possibility to predict that de-aeration of the water, 
through the use of plants designed with this end in view, should 
at moderate expense increase the life of some piping systems 
four or five times. 

Such a possibility of conservation of material is surely worthy 
of careful consideration by heating engineers and architects. 


DISCUSSION 


A. A. Cary: Referring to Mr. Speller’s Statement that: 
“The inside of pipe is subject to peculiar conditions not to be com- 
pared with external corrosion, and the inside surface is particu- 
larly vulnerable in that protective coatings are difficult to apply, 
therefore more liable to be defective,” I have successfully applied a 
coating to the inside of pipes by using a light whitewash (made by 
dissolving ordinary building lime in water), which is mixed with 
hot water flowing through such pipes and soon a coating of lime 
is deposited upon the interior surface of the pipe. Where such a 
coating exists (cither in a pipe or in a boiler), no pitting action will 
take place. 

The process of deoxidizing water, referred to by Mr. Speller, 
brings to my mind another process that was used in England about 
25 years ago, known as the Anderson process of water purification. 
Mr. Anderson used the heavy steel turnings produced in a machine 
shop which were treated with a cleansing solution of potash or soda 
and after being cleaned from their coating of oil, were put into a 
long revolving barrel similar to the tumbling barrels used in 


foundries, but larger and much longer. The water, holding air in 
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solution, was led into this barrel, through the hollow shaft (or 
trunnion), at one end and passed out of the hollow shaft at the other 
end horizontally. The barrel was revolved slowly and the water 
flowing through it at a temperature of less than 200 deg. Fahr., was 
thus brought in contact with the bright steel turnings it contained. 

The surfaces of the bright steel turnings rusted rapidly, as they 
abstracted the oxygen from the expelled air, and as the turnings 
were constantly being tumbled, their faces were kept polished clean 
from the rust which accumulated for reoxidation as the continuous 
stream of fresh-air-charged water continued to flow through the 
barrel. 

Mr. Speller, in his paper, refers to the protective effect of a coat- 
ing of oil on the inner surface of pipes and he speaks of an oil 
dropping method for introducing this oil. I have been very suc- 
cessful in evenly coating the inner faces of both pipes and boilers by 
a simple method of filling the pipe or boiler with water, pouring a 
light oil on the upper surface of the water and allowing the water 
to escape very gradually from a bottom outlet. The oil, floating 
on the surface of this water, is thus gradually made to flow along 
the interior surfaces, to which it adheres and leaves a good uniform 
film or coating behind it. By repeating this process or by adjusting 
the rate of water outflow, any desirable thickness of oil coating upon 
your interior surfaces can be built up. 

Mr. Speller refers particularly to the chemical effect produced 
when the rusting or pitting of pipes takes place and in this connec- 
tion it is interesting to trace just how this destructive oxygen and 
other gases originate in the hot water pipes under discussion. When 
water is heated, just before reaching the boiling point (from 150 
to 200 deg.) air is forced out of the water and it is the usual custom 
to lift the safety valves in boilers to get rid of this air before the 
real generation of steam begins. Air contains nitrogen and oxygen, 
the first an inert gas having no corrosive effect in iron or steel 
piping while the second is responsible for the rusting and pitting 
action found and its action is greatly accelerated by its association 
with a small amount of carbonic acid, which is commonly present in 
the air. 

In air we find approximately one volume of oxygen mechanically 
mixed with four volumes of nitrogen. When this air is dissolved 
in water, owing to the greater solubility of the oxygen, I have 
found by actual test that these two gases exist together in the pro- 
portion of one volume of oxygen to 1 87/100 volumes of nitrogen. 

Thus we find that with this greater concentration of the oxygen in 
the air liberated from the water by heating, we have more than 
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double the oxidizing capacity of the air per each unit volume, and 
with the pressure of carbonic acid gas and moisture we have a 
highly oxidizing agent to bring against the metal surfaces of our 
pipe. 

No less than five different theories have been advanced to 
account for the corrosion of iron, as follows: Oxidation, the 
acid theory, the electrolytic theory, the hydrogen-peroxide theory 
and the biological theory. The acid and electrolytic theories are 
the most reliable theories advanced and most worthy of our con- 
sideration. With this considerable disagreement, we find it pretty 
difficult to work from a definitely established cause in order to 
remedy the defect, and we are obliged to follow the “cut and try” 
method and produce a material based upon the results of past 
experience guided by such scientific reasoning as a knowledge of 
metallurgy will supply. 

After years of experience, we are apt to adopt some standard 
in our minds, to which we compare all new similar productions 
and we inquire, when pressed to use them whether our standard 
has been equaled. Fair comparisons are very essential to form 
a correct judgment of the respective merits of the new products 
and we must have some understanding of the underlying prin- 


ciples of the subject in order to reason correctly. 

I have endeavored to present some simple metallurgical facts 
in table form which may help us in considering this subject, and 
this form of presentation was suggested to me by a very ex- 
tended table published in the Iron Age a few years ago by 
Eliot A. Kebler. 


BRIEF STATEMENT OF THE METALLURGY OF IRON AND STEEL 


i 
Iron Ore—Contains iron and oxygen and impurities, 


Iron Ore—-Smelted in blast furnace removing oxygen and part of impurities 
and adding carbon, makes pig iron. 


Grey Forge Pig Iron—Melted in a puddling furnace, then balled, squeezed 
and rolled, makes muck bar. 


Muck Bar or Wrought Scrap, cut into short lengths, piled, heated and rolled, 
makes wrought iron. 


Muck Bar—Treated as above and rolled into strips, makes skelp iron. 


Skelp Iron—Bent into the shape of tubes and welded, makes iron pipe. 


II 


Muck Bar or Steel, melted in a crucible with charcoal, makes carbon steel, 
‘ool steel, or crucible steel. ‘ 


Muck Bar or Steel, treated as above with tungsten added to raise the tem- 
perature at which it softens, chromium to give toughness, and vanadium, titanium, 
aluminum or other metals to improve the quality, heated to a high, then to a 
lower heat, makes high speed steel. 
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Bessemer Pig Iron—Direct from blast furnace or melted in cupola, poured 
‘auto converter with air blown through it to burn out the impurities, makes 
*assemer steel. 


Pig Iron—Molten, or in pig, with or without scrap, when purified in open 
hearth furnaces, makes open hearth steel. 


Low Phosphorus Pig Iron—Treated as above in an acid (silica or sand) lined 
furnace, makes acid O. H. steel. 





Basic Pig Iron—Treated as above in a basic (dolomite) lined furnace to remove 
phosphorus, makes basic O. H. steel. 


Basic O. H. Steel—With only about 1/10 of 1 per cent. impurities is called 


by various trade names, such as toncan metal, genuiné open hearth iron and 
American ingot iron. 


Vanadium Steel or Manganese, (over 7 per cent.) titanium, or nickel steel 
is made by the addition of these metals, all being called alloy steel. 


Steel—Purified in an electric furnace, makes high grade steel. 


III 


Steel—Is cast into ingot molds usually about 19 in. square and about 6 ft. 
long, making ingots. 


Ingots—Are rolled into bleoms or billets. 

Billets—Are rolled into bars and small shapes. 

Billets—Are rolled into steel skelp. 

Steel Skelp—Bent into the shape of tubes and welded, makes steel pipe. 
Billets—Are pierced, rolled and drawn through dies, making seamless tubes. 


As to my standard of comparison regarding corrosion in pipes, 
in the late eighties I was called upon to remove an old wooden 
flooring in the large basement of a factory in this city that about 
30 years before had been used as a tannery and leather manu- 
factury, in order to prepare it for the installation of some new 
machinery. I found old tanks in this basement and a system 
of piping connecting them, which had been buried in the floor 
for all these years, and was surprised to find the pipe in such 
excellent condition, that, after taking it out, I had it cleaned 
and rethreaded for use again in another underground position. 
i found it to be genuine wrought iron pipe. 

Other steel pipes, which had been in service but about five 
years buried below the same floor was found to be in such cor- 
roded condition that they were thrown into the scrap. That was 
one of my early lessons as to the superiority of wrought iron 
pipe as compared with steel pipe. 

When in the boiler business a number of years ago, the con- 
cern with whom I was connected furnished water tube boilers 
for a plant near this city, in which charcoal iron tubes were 
specified and used. A number of the tubes in the boilers burned 
out due to scale and were replaced by a local boiler maker with 
steel tubes bought in the open market. After this plant had 
been in operation about two years, the company failed and the 
plant was shut down. About two years after this I was called 
upon to go to the plant and examine the boilers for a pros- 















































329 


Discussion OF PREVENTION OF CORROSION IN PIPE 


pective customer who wished to purchase them. When I got 
into the furnace, I was surprised to find so many of the tubes 
black and in good condition, but the steel tubes which had been 
put in by the plant owners were all covered with rust so that I 
had no difficulty in recognizing them. 

These are but two examples out of many which impressed 
upon me the superiority of wrought iron pipe and tubes to resist 
corrosion, and I have since been looking for steel pipes or tubes 
which would equal those made of wrought iron. 

Referring to the tabulation wrought iron is made from pig 
‘ron which is melted in a reverberatory furnace where much of 
the original impurities are removed (i. e. silica, carbon, etc.), 
by the oxygen from the iron ore or iron scale at the bottom of 
the furnace and from the oxidizing flame used. The tempera- 
ture used is too low to maintain the iron (when low in carbon) 
in a melted state, and the mass gradually “comes to nature” 
due to the forming of pasty particles in the bath which stick 
to each other and finally, when all of the iron is decarbonized 
these plastic masses increase and come together. They are 
finally gathered together to make the puddle ball in which: con- 
dition the mass is removed from the furnace, carrying with it 
@ very small amount of cinder (or silicious slag) which is well 
distributed all through the iron, and also other impurities, such 
as phosphorus, sulphur, etce., which should finally be reduced to 
small fractions of one per cent..to produce a desirable metal. 

Wrought iron is tough, ductile and has a distinctly fibrous 
iracture. It has a wide range of welding temperatures. 

Wrought iron, so-called, is sometimes made by another method 
known as the “busheling process” by which the start from the 
selected pig iron, followed by the treatment in the puddling fur- 
nace, is omitted. The metal used in this process is obtained 
principally from the junk yards and may contain parts of old 
scrapped boilers, barrel hoops and all kinds of miscellaneous 
scrap; even steel scrap often finds its way into such conglomer- 
ate collections. 

With such so-called “wrought scrap” worked into skelp bars 
and made into pipe, how can we reasonably expect to obtain 
a desirable quality of wrought iron pipe? Thus we see the 
great necessity, when making a comparison between the merits 
of steel and wrought iron pipe, to know exactly the process by 
which our sample of wrought iron pipe was made and in order- 
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ing such pipe for use in our work it pays well to use a careful 
specification and to purchase from a reliable manufacturer. 

By reference to the tabulation, we see that all modern com- 
mercial steel is made by actual melting processes. All of the 
various grades of steel require the metal to be reduced to a 
fluid state, instead of being produced from a pasty, plastic mass, 
as is the case with wrought iron. 

The old time practice of defining the difference between steel 
and wrought iron: one as metal which would harden and tem- 
per, and the other, one which would not, is no longer continued. 
Many soft steels now produced cannot be tempered. Every 
ferrous product of the crucible, the bessemer process and the 
open hearth process is commercially classified as steel. 

Steel is very much more sensitive to heat treatment than 
wrought iron, either during the process of manufacture or after- 
wards, and the range of temperatures through which perfect 
welding can be obtained is much more limited than in the case 
of wrought iron. Steel has a crystalline fracture, which varies 
with its quality and degree of temper, and a fracture shows that 
it lacks the fibrous structure and toughness that is found in 
wrought iron. 

Thus we see that in these two metals, we have many totally 
different qualities. The fibrous wrought iron of a desirable 
quality with a fraction of one per cent. of contained carbon 
and with the small percentage of slag distributed well through 
its mass has proved itself, when formed into pipes, to resist 
corrosion when placed in the most trying damp positions for 
many years. Our friends, who for many years have been stsug- 
gling with the crystalline, slag-free steel, have long been trying to 
produce something just as good and they are apparently still “at 
it.” 

Mr. Carson: I am much interested in Table 2, showing results 
of investigations of corrosion. It is not clear to me how we can 
get at the subject of the pits over the surface of pipes. It seems 
possible to make any percentage comparison we may choose with- 
out in this way showing a true comparison of relative corrosion. 

As to the matter of decrease of corrosion in pipes, I happened 
to be in a New York bathhouse plant the other day where they 
were taking out some wrought pipe lines that had been used only 
about eighteen months. The cast iron fittings which had been 
used over and over again showed no apparent deterioration. 
That led me to think it might be well to put in cast iron pipe and 
I suggested that they do this. 
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Boiler economizers with cast iron pipe have been used in this 
country and in England for the past 35 years or 40 years, and I 
learn that attempts have recently been made to use wrought iron pipe 
with the result of the piping only lasting about a year or two, 
whereas cast iron pipe has been in service in these lines for 35 or 
40 years without rusting. There are many places where cast iron 
pipe can be used to good advantage in heating work. 


J. A. Kinxesp: Mr. Speller has done more in the past fifteen 
years than any one else in this line of work. I was also interested 
in Table 2. There are some references given there, and I am familiar 
with the first. As I remember the results of the investigations in 
this installation, they showed that the specifications called for genuine 
wrought iron pipe. The tests were made on a number of pipes that 
had failed in service. Arguing on the merits of iron or steel pipes, 
they said that 0.8 of the pipe in service was steel and the rest was 
iron, and the tests showed that the iron pipes that failed were less 
than the steel. I think that this is a point that would be overlooked 
in glancing over his article. 

I note in the last paragraph of his paper, Mr. Speller states that 
the present “developments in the metallurgy and manufacture of 
steel pipe promise to add 50 or perhaps 100 per cent. to the life of 
pipe compared with the service obtained under like conditions 
ten or twelve years ago.” It may be that there is a difference be- 
tween practice and theory in the aspect of this point. We all hope 
that all processes are constantly improving all the time. But I know 
that in my work lately, when I have endeavored to obtain material 
under specifications of a few years ago, I have found it impossible 
to do so. I was told by the men that the manufacturers could not 
get raw material, and that when they did get it, the pressure of 
business has necessitated the making of larger ingots due to the 
greater quantities produced, and that it was not possible to get the 
old grade of material. 


Tue Autnor: As to Mr. Carson’s suggestion that cast iron 
pipe be used for hot water, I rather think that you would find it 
to be more satisfactory to treat the water and thus remove the root 
of the trouble. While cast iron has shown some conspicuous cases 
of longevity, it has also shown itself susceptible to rapid disintegra- 
tion (graphitization) under certain conditions. The question of 
whether cast iron can be safely used in pressure systems can well 
be left to the engineers who are responsible for the design and 
safety of such installations, 
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The Anderson process was introduced as a means of purifying 
water for drinking purposes without reference to corrosion. It did 
not go far enough to have an influence on the corrosion of pipe. 
Anderson passed the cold water over scrap iron or agitated it with 
scrap so as to form a small amount of hydrated oxide of iron as a 
coagulant. The conditions were not such as to have a material effect 
on corrosion, nor was that object in view at that time. 
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THE VENTILATION OF LIVING QUARTERS 


By THE CuHicaco CoMMISSION ON VENTILATION 


UR ideal is that the conditions of a spring day outdoors, with 
O sunshine and a cool breeze should be approximated as nearly 
as possible within doors. 

While authoritative data on health conditions of highs grade 
residences are hard to get, it is a striking fact that mortality 
statistics show a comparative tuberculosis death-rate for hotel 
domestic servants who live indoors, of seven times that of loco- 
motive engineers, who live outdoors. (Supplemental Vol. from 
Reg. Gen’l 65th Annual Report Gt. Britain Pub. 1908.) 

In a book by F. C. King—‘“Ventilation of Dwellings, Rural 
Schools and Stables,” there is a description of an experiment 
with a herd of 20 milch cows. They were confined in a fairly 
tight stable. During a period of 12 days, observations were car- 
ried out as follows: 

2 Days—F rentilation. 

2 Days—Windows and doors closed tightly. 

ilation. 

2 Days—Windows and doors closed tightly. 

2 Days—Free ventilation. 

2 Days—Windows and doors closed tightly. 


The cattle suffered no apparent discomfort during the periods 
of bad ventilation and ate practically the same amount of food. 
On the bad ventilation days, however, each drank 11.4 lbs. more 
water, and at the end of each two-day bad ventilation period, 
each had lost 10.7 Ibs. which they regained under good ventila- 
tion. The weight of milk produced decreased an average of .55 
Ibs. per head each bad ventilation day. 

Health statistics indicate that when artificial heating begins, 
the sickness rate increases, particularly in the complaints influ- 
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enced by air quality and temperature conditions. As the state 
of mind is influenced by the body conditions and as bad 
housing is proven to affect deleteriously the morals, it is possible 
that the so-called Fall crime wave is a result not only of the cold 
and the fear of the cold to come, but of the radical change in air 
quality and temperature due to closed windows. From this, it 
appears that some active interest in the air conditions in living 
quarters, as well as those in factories and schools, will be repaid. 

With direct steam or hot water heating, weather stripped or 
steel windows, vestibules on all doors, gas or electric cooking, 
and double air-tight furred and sound-proofed walls, the air leak- 
age is negligible, and the moisture content becomes very low in 
a short time. Dryness and absence of drafts, and a constant 
high temperature cause the bodily resistance to be lowered and 
the physical tone to be depressed. We quote from Leonard Hill 
and associates in “The Influence of the Atmosphere on Our 
Health and Comfort in Confined and Crowded Spaces,” (Smith- 
sonian Institution 1913) as follows: 


“We believe that infection (colds) is largely determined (1) 
by the mass influence of the infecting agent: (2) by swelling of 
the mucous membrane of the nose: (3) by the sudden transition 
from warm to cold surroundings, which checks the immunizing 
mechanisms. Colds are not caught by exposure to cold per se 
as is shown by the experience of arctic explorers, sailors, ship- 
wrecked passengers, etc. We have very great inherent powers 
of withstanding exposure to cold. The bodily mechanisms be- 
come trained and set to maintain the body heat by habitual ex- 
posure to open air life. The risk lies in overcrowding, so that 
infection becomes massive, and in overheating our dwellings 
and overclothing our bodies, so that the mechanisms engaged 
in resisting cold become enfeebled and no longer able to meet 
the sudden transition from the warm atmosphere of our rooms 
to the chill outside air of winter.” 

It is hopeful for our future that a rapidly increasing proportion 
of the people sleep with windows open. Nature assists this 
habit, for nearly everyone accustomed to sleeping in a draft is 
unable to sleep well unless the draft be present. It seems to be 
an instinctive sub-concious saving trait, but unless we encourage 
it, it does not persist noticeably during our waking hours. Years 
ago a popular belief obtained that night air was bad for people. 
We were appraised of the remarkable discovery that if one kept 
his windows shut at night, he escaped malaria even in a malarial 
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country. Most emphatically we desire to brand this fallacy, the 
basis of which, of course, was the malaria bearing mosquito. 

Night air in general is good air. It is the same free outdoor 
air which has been subjected to the sterilizing influence of the 
sun and the chemical influence of the plants, still further im- 
proved by the physical influence of having had its dust in a 
large part removed by the deposition of its moisture as dew or 
hoar frost. (Particles of dust form the nuclei of drops of mois- 
ture.) The outdoor night air is infinitely better air than any 
night air contained in houses, retaining as it must the dust 
evolved by the day’s activities both indoors and out. Tests with 
culture plates have seemed quite clearly to demonstrate mate- 
rially less dust outdoors at night than in a bedroom having wide 
open windows and a cross draft. ' 

Natural air circulation is caused by temperature difference 
inside rooms, and probably the same temperature differences 
cause the winds outside. -The sun warms the land. The land 
warms the air, which rises, and cooler air rushes in to take its 
place. Every cold wall or window causes a down-current of air, 
and every radiator or other heat source, even the body of an 
animal, causes an up-current of air. Such currents, however, 
are not usually sufficient in themselves to render the beneficial 
effects which many careful tests have shown are gained by rapid 
air circulation, as by fans or by drafts through open windows. 
The natural currents, however, will cause a gradual air move- 
ment in houses, particularly in those having more than one 
story, and may be utilized in promoting ventilation, provided 
proper inlets and outlets are furnished. 

Four adult pupils of the Chicago Normal School made studies 
of the air currents in four residences. Attached to this report 
are drawings of the houses, showing the currents and setting 
forth the pertinent temperature, moisture and wind conditions 
both indoors and out. The air currents were traced by watch- 
ing the smoke from burning Chinese punk placed in various 
parts of the rooms, and in the several openings, and by observ- 
ing the direction taken by fine ravelings of silk floss. The fol- 
lowing is a synopsis of all of the conclusions set forth by the 
students: 

By “house” is meant a detached building or a home in an 
apartment building. Natural ventilation without fans or heated 
flues is meant: 

1. The effect of the direction of the wind outside is very 
much influenced in its relation to the currents inside of a house 
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by the local conditions of the adjacent buildings and obstruc- 
tions and by the house itself. 

2. Air currents as a general rule seek the easiest way in and 
out of a house. 

3. The more inlets there are open on the side facing the 
wind the better the ventilation, provided there are openings on 
the leeward side. 

4. Adequately to ventilate a home requires sufficient inlet and 
outlet openings. t 
5. The efficiency of ventilation increases with any increase in 
the difference between the temperatures indoors and outdoors. 

6. Better results are usually possible when ventilating the 
entire house than when ventilating only one room. 

?. Proper distribution of fresh air is more difficult to attain 
than proper volume. Part of a room may receive good ven- 
tilation, while other parts are stagnant. 

8. Furniture exerts a material influence on air currents, and 
conditions may be improved by intelligent placing of the 
furniture. 

9. Eddies tend to form wherever the air currents are blocked. 

10. The distribution of the air is best obtained by proper 
distribution of the inlets and outlets. 

11. An open stairway tends to cause a current of air to rise 
through it, even though the windows may be closed. 

12. An open shaft, like a large chimney centrally placed, 
would assist materially in ventilating a house. 

Most of the city homes with which we have to do, are heated 
by direct steam radiators, with no special provision for ventila- 
tion. Apartment buildings as a rule are designed for the least 
possible cost per unit and their heating and ventilation facilities 
are worse than those inherent in the cheapest stove-heated tene- 
ments, which are ventilated a little through the stove pipes. 

Where the occupants care about comfort, and most of them 
do, it is easier to open a window when too warm than to stoop 
and screw down a radiator valve. When radiators are placed, 
as is usual, under windows, and two windows are open causing 
a cross draft, the heat from at least one of the radiators passes 
out of doors and is wasted. Thus, the owner and the janitor 
become enemies of ventilation. It is a temperature considera- 
tion more than any other consideration that causes most of the 
ventilation we get by windows. Probably this instinctive and 
ignorant act is nature’s provision to save the race from destruc- 
tion. 
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The building of light courts with glass enclosed tops on them 
should be prohibited by law. The necessity of light in any 
place indicates a similar necessity for air. Light courts will in 
many cases make quite efficient vent flues if given a chance. 
The ordinary small ventilators placed above such skylights over 
light courts, are of no avail, and as far as their service goes 
might almost as well be omitted. For ventilating purposes our 
observations indicate that the efficiency of an open top chimney 
with a tapering finish is the highest, and that any obstruction 
as a so-called ventilator is a real obstruction, only to be coun- 
tenanced as it may be required to keep out weather. 

It is not difficult or expensive, however, in the designing of 
new apartments, to arrange for gravity ventilation. We have in 
mind the Woman’s Christian Association at Dayton, Ohio, the 
small sleeping rooms of which have each but one window. There 
are large vent shafts terminating in chimneys, which lead from 
the ceilings of the sleeping room corridors on each floor. These 
are, of course, provided with means of adjustment. In summer 
especially, when the windows and transoms are opened, an ex- 
cellent cross draft is obtainable, and at no time is the familiar 
stale sleeping room odor noticeable. 

A little care in the placing of the radiators in the rooms them- 
selves will permit of window ventilation without excessive heat 
waste. [If the radiators are placed near interior walls instead 
of under the windows in rooms of ordinary size, the heating 
results will be equally as good in practically all cases. The 
windows will be cleaner and more accessible, and the room 
will be pleasanter, because one can get close to the window, 
and a very fair air change can be made with only one window 
even when there is no breeze outside, by opening at the top 
and bottom at the same time. The reason for this is as follows: 

Warmed air rises to the ceiling and displaces cooler air, which 
settles to the floor. There is very noticeable pressure out at the 
ceiling of any heated room, also at the tops of the windows and 
doors. A leakage at these points constantly is occurring, and to 
replace this leakage there is a negative pressure at the floor. 
Air always comes in through cracks low down, bottoms of win- 
dows, etc., in heated rooms. The radiators help this, and very 
small openings at the tops and bottoms of windows will give 
very much better results than large openings at the top or 
bottom alone. The results when the radiators are not directly 
under the windows are that the ventilation costs only for the 
heat necessary to warm the changed air, as no great amount 
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of heat may pass directly out. These remarks apply to houses 
as well as to apartments heated by any direct means, as steam, 
hot water or electricity. It is difficult to formulate a rule for 
window opening—in general, the top and bottom openings should 
be as large as can be endured with comfort. 

Screens are required by law for rooms used for the prepara- 
tion of food. The law does not compel screening of the whole 
window frame opening, however, with the result that when the 
upper parts of the windows are open the screens are of no 
avail. The law should be corrected. 

Screens for residences are almost universally applied to the: 
lower sash openings only, and as a result the screens do not 
permit in hot weather especially, of the most efficient use of 
the windows. All windows everywhere, which have screens 
at all should have them for the entire window opening, and so 
arranged that top and bottom sash may be opened as much as 
desired. 

Houses having independent direct radiation heating systems, 
can easily be ventilated so as to give a reasonable supply of 
fresh air by installing a central indirect radiator, say, under the 
main hall with an outdoor connection for air supply, using 
open fireplace chimneys for outlets. Registers in the floor should 
never be used for air inlets. Flues should be provided so that 
the air may enter through a clean conductor, and if such a flue 
is provided it is often possible to place the radiator in it, thus 
raising it higher above the boiler, where it will operate more 
efficiently. The often unused space under the lower part of 
the stair, too low for closet purposes, is suggested. Fresh air 
inlets in the floor tend to be dust receptacles and are extremely 
objectionable, with any system of heating. 

It is easy and not costly in new buildings to provide vent 
flues alongside of the chimneys, which will usually be opera- 
tive, since the chimneys will warm them. 

Houses having furnace heating systems are per se ventilated 
to some extent, even when the air is recirculated. The fact, 
however, that such recirculation installations do at times pos- 
sess evil odors, shows the need of fresh air. It is to be regretted 
that furnace heating systems to meet the fuel cost competition 
of direct radiation systems, have prostituted their fundamental 
virtue, and abandoned fresh air intakes and foul air outlets. 

The effective way to care for all houses having indirect 
heaters, such as furnaces, or steam or hot water radiators 
through which fresh air is passed, is to install electric fans. 
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For instance, a small fan of the ordinary dise type will, if operat- 
ing in the supply duct leading to such a heater, cause the trans- 
mission of about three times the amount of heat from heater 
to air as will pass by gravity. This insures quick heating in 
the morning, and the ability, when the house is to be crowded 
as by an entertainment, to provide by continuous operation of 
the fan for excellent ventilation. An ordinary 16-inch disc fan 
has been shown to deliver through a heater and into a room as 
much as 1,500 cubic feet of air per minute. In the house, the 
fan in the air supply duct would be used intermittently, con- 
trolled by a switch on an upper floor. 


An electric fan in a household is a great advantage for many 
reasons. By creating as it does a current of air, adjustable and 
already warmed, the fan increases the skin evaporation, thus 
cooling and toning up the body, and assisting in its temperature 
control. By driving the air against a direct radiator, the fan 
will increase the heat given off by the same, very materially 
being an active assistant to heating the house in very cold 
weather. 

If there were more appreciation generally of the facility with 
which kitchen odors, smoke from cooking, etc., can be removed 
by a fan, and what a trifling cost is incurred in operating such 
a fan, it is sure that kitchen exhaust fans would be more gen- 
eral, and that proper hoods and special flues for their discharge 
would be provided in new buildings. Fans for this purpose 
should be arranged with their motors protected from the air 
current caused by the fan. 

When ample fresh air cannot be provided continuously and 
at a satisfactory temperature, inevitably if the heating system 
is in operation the moisture content becomes deficient. Great 
improvement can be made by providing for artificial moisture 
introduction. 

For furnace heated buildings, evaporating tanks can easily 
be arranged, with a constant water supply and even with auto- 
matic humidity control. 

For direct radiator steam heated buildings, there are noise- 
less and satisfactory automatic valves which introduce steam 
directly to the air. 

For direct hot water radiator heated buildings no very satis- 


factory humidifying scheme is commercially available, but some 
hope is held out that good results may be obtained from either 
a flash type boiler in the firepot, thus giving steam tor jets im 
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the rooms, or by a gas fired auxiliary boiler serving the same 
end. 

For buildings having indirect radiators through which fresh 
air is introduced, where steam is used, jets may be placed for 
blowing the steam directly into the air. 

Where hot water is used, the air after passing the radiator 
may pass a spray or rain of hot water which is nearly as effective 
as steam. 

These jets, whether of steam or water, should be controlled 
by automatic means which are now commercially available, and 
which are reliable. 

Every house should have a simple hygrometer as well as a 
thermometer. 

The Chicago Commission on Ventilation in its 1915 report 
published a “Comfort Zone Chart.” The term “comfort zone” 
means that there is a maximum temperature with a minimum 
relative humidity, and minimum temperature with a correspond- 
ing maximum relative humidity between which limits, the occu- 
pants of a room are comfortable. In other words, there seems 
to be no best temperature and also no best relative humidity ; 
but the maximum temperature at which one is comfortable will 
be associated with a minimum relative humidity, and the mini- 
mum temperature for comfort will have associated with it a 
maximum relative humidity. Under the conditions with which 
we were working, we found that a temperature of 64 to 70 
degrees with a corresponding relative humidity of 55 to 30 per 
cent., seems to be the limits; that is, the comfort zone for us 
was between 64 degrees and 55 per cent. and 70 degrees and 
30 per cent. It is worthy of note that with a temperature below 
67 or 68 and with a proper‘relative humidity, the occupants 
were better able to give attention to their work than if the 
conditions were otherwise. 

We reprint the comfort zone chart below, for convenience 
and reference. (See page 47, Report of the Chicago Commis- 
sion on Ventilation.) 

COMMITTEE ON THE VENTILATION OF LIVING QUARTERS. 
GEORGE BEAUMONT, 
Pror. J. W. SHEPHERD, 
SAMUEL R. Lewis, Chairman. 
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Discussion OF THE VENTILATION OF Livinc QuARTERS 
DISCUSSION 

S. R. Lewis: The subject of ventilation of living quarters seems 
to be of moment. This report was intended to bé popular in 
nature, and to serve as an answer to calls that are coming to us 
from all sources. For this reason it appears somewhat super- 
ficial for an engineering report, but I think it contains some 
points of interest. Before we agreed on many of the points, the 
conditions in a number of rooms were investigated and we had 
the testimony of many of the occupants before we signed the 
report. 


A. S. ARMAGNAC: There is nothing to state what kind of heating 
systems were in use in the houses tested, and while it was in the 
summer time, if there were registers it might have made a differ- 
ence in the air currents. 


J. H. Davis: There are several points that occur to me. 
At the beginning it states that :—‘Our ideal is a spring day, with 
sunshine and a cool breeze.” The thought has occurred to me 
that the cause of much complaint may be due to artificial venti- 
lation, and the re-breathing of CO,. We have all seen firemen 
come up from the stoke-hole and put their heads out to get a 
“breath of fresh aid” as they put it. 

The report also states that “with direct steam or hot water 

the air leakage is negligible and the moisture content be- 
comes very low in a short time.” Some eight years ago I made 
a test of a residence where there was a stairway running through 
the centre of the house, with a vent at the top. With the cus- 
tomary glass surface deducted, there was about 1200 or 1300 
sq. ft. of wall. The air current through the ventilator was about 
144 cu. ft. per minute, which showed a leakage of over 1 cu. ft. 
per minute per sq. ft. of wall. Almost all the windows were 
weather stripped, and those that were not, were chinked up. 
Most of the walls were the usual 12 in., some were 9 in., plastered 
on the inside. 


Wo. J. Batpwin: In Morin’s treatise that was used in France in 
the very early part of the 19th century, General Morin points out 
distinctly a case of this kind. He goes into some detail and 
describes a test of a building where he drew more air out thar. 
was apparently going into it. If any one cares to see an abridge- 
ment of this work, it has been translated into English at the 
expense of the U. S. Government. This was done about 1873. 
and it is possible to obtain it from the Smithsonian Institute. 
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General Arthur Morin’ was the first to speak of the use of the 
“Mixing Valve” in warming buildings. In his Etudes sur la Venti- 
lation, 1st Vol., he says: “During the period of artificial warming, 
it is desirable to preserve means of mixing with the warm air of the 
heating apparatus, cold air, the amount of which can be regulated 
by convenient registers.” 

S. R. Lewis: In answer to the question, these houses had open 


windows as the tests were made in July. I do not think that 
registers affected any of them. 
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AN OUTLINE OF THE ACTIVITIES OF THE NEW 
YORK STATE COMMISSION ON VENTILA- 
TION FOR THE YEAR 1915 


By Georce T. Parmer, New York 


Member 


REVIEW of the first eighteen months’ work of the New York 
State Commission on Ventilation, which body it will be re- 
called was organized in June, 1913, was presented before this 

Society in a paper by Mr. D. D. Kimball and the writer at the 
Annual Meeting in January, 1915. 

The efforts of the first year and a half were devoted mainly to 
a study of the effect on the body of temperature and chemical 
purity of air. This was the initial step in carrying out the pro- 
gram of determining the relative importance of the different fac- 
tors in ventilation, namely—temperature, humidity, air motion, 
chemical composition, odor, dust and bacteria. 

During the past year certain of the studies on temperature 
and stale air have been repeated. In addition to this, studies 
have been made on (1) the relation of heat and cold to respira- 
tory affections, (2) the influence of humidity on comfort and 
mental work, (3) methods for determining the dust content of 
air, (4) the comparative effects of different types of natural and 
mechanical ventilation on comfort, mental efficiency and physical 
condition, (5) and the course taken by air currents in a fan 
ventilated room. 

It will be remembered that the early experimental work car- 
ried on in the Commission laboratories at the College of the City 
of New York tended to show that as compared with the chemical 


'The Commission was appointed at the request of the New York Association for 
Improving the Condition of the Poor, The Fund of the Commission was provided by 
rs. Elizabeth Milbank Anderson. 
Presented at the Annual Meeting of Tue American Soctety or Heatinc anp VENT! 
LATING Enoineers, New York, January, 1916. 
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purity of the air, temperature is by far the bigger item in deter- 
mining comfort in an occupied room. Even slight differences in 
temperature produce characteristic physiological responses in the 
body, affect the output of physical work and likewise the inclina- 
tion to do mental work. In only one respect did the chemical 
quality of the air breathed show any characteristic effect on the 
body mechanism, this effect appearing in the slightly diminished 
appetite for food in a stale, unventilated atmosphere. 

During the past year then, it was thought desirable to press 
this inquiry about air quality still further. If stale, used air 1s 
bad, what particular element of the staleness is bad? Is it the 
odor present? [s it the increased CO,? Are there organic 
poisons present which dull the appetite? 

Believing that the non-existence of organic poisons in respired 
air has been pretty well demonstrated, the Commission chose 
to investigate the relative effects of odor and CO,. By ventilat- 
ing an experimental chamber occupied by five people with fresh 
air throughout, but introducing at times artificial body odors 
and at other times an excess of gaseous CO,, it was hoped to 
identify the bad factor. This effort, however, has not been 
crowned with success. So long as fresh air was supplied, neither 
the addition of excess CO, nor of noticeable, objectionable odors 
caused any diminution in the food consumption of the sub- 
jects. The failure of this test may have been due to the fact 
that the artificial odor condition did not truly duplicate the con- 
dition that would prevail naturally. Again, there remains the 
possibility that the slight oxygen decrease in a stale air room 
is responsible for the depression of the appetite. The Commis- 
sion hopes to look into this question. 

One result of the temperature studies and the relation to men- 
tal work indicated that for extreme mental concentration involv- 
ing almost an entire absence of physical exertion, a temperature 
of 75 degrees at 50 per cent. relative humidity was preferable to 
68 degrees at the.same humidity, whereas for tasks involving 
greater motor effort, such as operating a typewriter, the cooler 
temperature was co-incident with the greater output. During 
the past year this result has been confirmed, using this time 
women instead of the young men subjects of the previous study. 

As has been mentioned our study of temperature effects has 
demonstrated certain resulting re-adjustments in the body 
mechanism. Increased body temperature, increased pulse rate 
and lowered blood pressure are the effects of over-heating. These 
changes of body temperature and adjustments of the circulatory 
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system are no doubt manifestations of the body’s effort to reach 
a state of thermal equilibrium with the outside environment. 
Another manner in which temperature may affect the body is 
shown in a four months’ study which we have made of the reac- 
tions of the nose and throat. Nearly 150 male subjects were 
observed in this study, including, among others, workers whose 
occupation in itself was associated with certain distinctive tem- 
peratures, such as truck drivers exposed to the varied weather 
conditions, boiler makers and firemen used to hot, dry atmo- 
spheres, and laundry workers who are exposed to heat and 
humidity or to cold, and at other times they have been shifted 
tal chamber at times for several hours to extreme heat and 
humidity or to cold and at other times they have been shifted 
back and forth from one extreme to the other. Ordinarily it 
was found that heat causes a swelling of the inferior turbinates 
of the nose, tending to diminish the size of the breathing space, 
increased secretion and reddening of the membranes. The 
action of cold, as a rule, is just the opposite, namely, a reduction 
in the size of the inferior turbinates, a diminution of secretion 
and color of the membranes. In the industrial workers, men- 
tioned above, whose occupations involved continued exposure to 
extremes of heat and cold, these typical changes were not fol- 
lowed. This study was very successful in picturing how the 
membranes of the nose of such people are less able to make 
the adaptations of the normal nose to changes in the atmospheric 
environment. That abnormal conditions of a permanent nature 
may be produced by repeated exposure to over-heating is sug- 
gested by our findings among laundry workers. In this group 
atrophic rhinitis was thirteen times as prevalent as among young 
students. 

Resistance to infection is another thing which we found to 
be influenced by temperature. Certain of our animal studies 
carried on during the year have shown that chilling and over- 
heating do diminish the body’s resistance to infection. Rabbits 
which have been chilled subsequent to inoculation with snuffles 
bacilli show a higher mortality from the disease than animals © 
similarly inoculated but not chilled. Furthermore, the produc- 
tion of protective substances in the blood, in this particular 
instance hemolysin and agglutinin, was found to be less in those 
animals which were kept in an overheated atmosphere than in 
animals kept in a normal environment. 

This fall the humidity question has been looked into. It is 
the general impression that extreme dryness is productive of 
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nervousness. We have designed experiments to test out this 
question and also to see where comfort lies in this humidity seale. 
A hot, dry school-room condition or 75 deg. fahr. and 20 per cent. 
relative humidity has been simulated in this work and for compari- 
son humidities ranging between 30, 40 and 50 per cent. have been ob- 
served also. Although this work will not have been completed till 
February, it appears now that the intermediate humidities around 
35 per cent. are at least more comfortable than either the extreme 
dryness or the 50 per cent. humidity which feels quite moist. The 
effect of dryness in decreasing the steadiness of the hand, the 
eye or the arm or in causing confusion of mind or distraction, 
if indicated at all, is very slight. As measured by the saturation 
deficit the dryness of 20 per cent. humidity at 75 degrees is 
greater than at 68 degrees, and it is therefore more than probable 
that dryness at 68 degrees would be even less easily detected 
if at all. 

During the past year also, some little time has been devoted 
to the dust problem as a ventilation factor. We were handi- 
capped somewhat in this work by the lack of satisfactory devices 
for collecting and analyzing dust. It was therefore necessary 
to actually develop a new apparatus for this purpose. An ac- 
count of this is to be published in the January number of the 
Journal of the American Public Health Association. By means 
of this new equipment we have been enabled to determine the 
dust content of various environments—out of doors, offices, fac- 
tories, schools, etc. This is but a preliminary step in the inter- 
pretation of the general eignificance of dust as an element in 
room ventilation. 

The past year has further witnessed efforts on the Commis- 
sion’s part to attack the practical working side of ventilation, 
that is, to determine what methods of ventilation produce the 
most favorable results. We have now well under way a study of 
the comparative efficiency of natural ventilation as compared 
with the more complex mechanical ventilation. To make this 
more complete observations are also being made of intermediate 
-steps between the two, involving partial natural ventilation and 
partial use of blowers and ducts. 

We wish to find out whether there is an appreciable advantage 
to comfort in admitting air to a schoolroom directly from open 
windows. 

Also if such an advantage exists, is it of such moment as to 
influence the physical and mental development of the pupils? If 
such an advantage appears are there operating and economic dif- 
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ficulties of such consequence involved as to overbalance this 
advantage. 


To shed light upon these momentous questions, six members 
of the Commission’s staff, all scientifically trained people, are 
actively engaged in this work. Sixteen occupied schoolrooms 
in four different schools which present the ventilation variables 
desired are being subjected to detailed study. It is felt that 
intensive work of this character is far more valuable than the 
collection of data at random from a much larger number of 
rooms. One phase of this study demands the entire attention 
of two observers within the schoolroom throughout the day. 
An entire week is thus spent on a single room at a stretch and 
the same room is re-visited in the same careful manner in the 
different seasons—fall, winter and spring. Observations are 
made of temperature in different parts of the room, relative 
humidity, air supply, air movement, carbon dioxide content, de- 
heating effect of the air, together with notes on the ventilation 
methods at the time including extent of window and door open- 
ings, population of the room, etc. In this connection it has 
seemed feasible to express certain factors in terms of the actual 
number of pounds of living matter present rather than by the 
number of people present. Square feet of floor space per 100 
pounds of flesh is a much more instructive figure than square 
feet of floor space per person. Heat and respired air output vary 
closely with a person’s weight. The average child of the first 
grade weighs 49 pounds whereas the eighth grade pupils weigh 
100 pounds. 

Another most necessary feature in studying ventilation in 
practice is to observe along with the indoor factors the air con- 
ditions out of doors. We have endeavored to make our work 
complete in this respect by taking records on the roof of the 
school building at stated intervals during the day, of temperature 
in the shade and in the sun, relative humidity, wind direction, 
wind velocity, barometric pressure and of the general weather 
manifestations not included in the above. 

Of great assistance in carrying out this study are the two spe- 
cially equipped schoolrooms in one of the city schools which were 
touched upon briefly at last year’s meeting. These rooms are 
ventilated by two separate and distinct plants in the basement, 
these being under the personal supervision of an engineer on our 
staff. Time will permit only the briefest mention of this most 
elaborate equipment which includes heaters located at several dif- 
ferent points in the system, air washers, plenum and exhaust fans, 
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PHOTOGRAPH OF SCHOOLROOM SHOWING OVER-HEAD TRACKWORK 
AND TRAVELING CRANE FOR AIR CURRENT MEASUREMENT. 


The cross-bar and paper flags are seen suspended at the further end of the room. 
On the desk tops, unde metal cones, are lighted candles which produce the same 
umount of heat a i classroom, of childret yould emit 








New York State ComMIssION ON VENTILATION 359 


complete thermostatic control of the heating and humidifying 
units, and sufficient ducts and branches to permit of admission 
and extraction of air at different points in the room. One room 
is provided with individual inlets in the floor beneath each desk 
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and several outlet registers in the ceiling. The other room has 
eight wall registers located at different positions on two adjacent 
walls. Provision has been made in the basement for measure- 
ment of steam, electricity and water consumed. 
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Another study of more strictly mechanical nature and perhaps 
of greater direct interest to members of this Society has been a 
survey of the air currents in a room with different points of 
admission of the incoming and outgoing air. The tracing of 
slight air currents has been usually accomplished by means of 
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Multiple Inlets 
smoke, balloons, ammonium chloride, hydrogen sulphide and so 
forth. While these indicators are of value, it is difficult to repro- 
duce graphically the results of such tests. To meet this objec- 
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tion we have made use of a small tissue paper flag suspended 
on a silk thread. Air currents even as slight as five feet per 
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inlets, nine feet from the floor, with two outlets on the adjacent 
deflection in inches away from the perpendicular can be read 
easily with the eye. 

The schoolroom in which we have made these surveys is pru 
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vided at the ceiling with a traveling crane (see Fig. 1). To this 
crane is suspended at its intersection a cross-bar, each stick being 
five feet in length. On this cross-bar are hung at one foot in- 
tervals the silk threads, one foot in length with the paper flags one 
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inch square, 
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With this apparatus guided by ropes and pulleys, we have 
been able to make a fairly complete survey of the room. For 
convenience the room has been marked off into five horizontal 
planes, 3 inches from the floor, 3 feet, 6 feet, 9 feet and 11 feet, 
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Multiple Inlets. 


the room being 14 feet in height. Each plane is then divided 
into squares of approximately six feet on a side. The cross-bar 
is then set at the intersecting lines of these squares and by shift- 
ing the cross-bar over twenty different positions the area of the 
horizontal plane, 24 fect by 27 feet, is covered. 
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A survey is made by two observers, one manipulating the guide 
ropes and reading the east and west deflections of the flags and 
the other observer reading the north and south deflections and 
keeping the notes. Deflections are thus noted at 206 different 
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points in each horizontal plane. This makes a total of 1,030 
readings for the five planes in the room. 

It is possible here to show you only a few of these records in 
graphic form. In Charts 1 to 10 is pictured the distribution of 
air currents in a room ventilated in the one case through three 
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inlets nine feet from the floor with two outlets on the adjacent 
wall at the floor, and in the second case, with a single inlet on 
the side wall nine feet from the floor and the outlet on the floor on 
the farther end of the adjacent wall. 
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CHART 6. 
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Meltiple Inteés. 





In Charts 1 and 2 is shown the movement in the horizontal 
plane 11 feet from the floor for both types of distribution. The 
higher velocity from the single inlet produces air movement at 
the ceiling whereas there is none to speak of in the multiple 
inlet room. 
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In Charts 3 and 4 showing the 9-foot level, the movement is 
more concentrated in the former. The movement from the three 
inlets is indicated in Chart 4. 


In the 6-foot level shown in Charts 5 and 6 the single inlet 
ST’ Leve/ foot Gos. Dare. L419 
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CHART. 7. 


New York State Commission on Veatdation 


S ingle Inlet. 


still confines the air current to a fairly narrow region, with appre- 
ciable velocity, whereas the air in the other figure shows a ten- 
dency to spread about somewhat. 

In Charts 7, 8, 9 and 10, the velocity of the current from the 
multiple inlets has largely spent itself in crossing the room, 
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whereas the high velocity from the single inlet has caused move- 
ment in the reverse direction at the floor level, sufficient to form 
a well defined stream diagonally across the room to the floor 
outlet. 
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CHART. 8. 
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In connection with this comparison of number of inlets and 
thoroughness of air distribution it is of interest to mention that 
in an adjoining room to the one described there are individual 
inlets beneath each desk or nearly 50 in all. There are six out- 
lets spread over the ceiling. The circulation of air through this 
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room is at such slight velocity as barely to deflect the flags at 
all. To detect these vertical currents the paper flag was sus- 
pended within a box open at the diagonal corners. Vertical cur- 
rents deflect the flag horizontally in passing through this box. 
The above records were made last summer when the condi- 
tions indoors and out of doors were nearly identical as to tem- 
I Leve/ foon2os. Late. 2Gy 19/5 
Expt *2 ClassA Outlet 











rr 





—<— ew en ee SSS 


SS ee 





ow 








1 
| 
| 
! 
| 
! 
4 
| 





























s. N 
Cuart 9——SINGLE INLET 


perature. A repetition of this work in the colder weather has 
brought out some very interesting changes in air currents due 
to the difference in temperature between the air of the room and 
the entering air. If we take a longitudinal section of the room 


directly in front of the air inlet and plot the deflections for the 
different horizontal planes in that particular vertical plane, we 
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get the characteristic result shown in Chart 11. Here the warm 
air entering a cold room immediately rises to the ceiling with an 
appreciable velocity. In the other case the entering air being 
cooler drops to the floor in its course across the room. 
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Cuart 10——MULTIPLE INLETS 


There is a vast amount of charting to be done before this 
study can be fully interpreted. I have endeavored, however, in 
this brief description to explain the apparatus employed and the 
manner in which the data thus arrived at is open to graphical 
treatment. 

It is customary in describing the nature and outcome of ex- 
perimental work to summarize with certain definite conclusions 
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However, as much of the work is being repeated for verification 

and as new lines are taken up, the results of which may influ- 

ence the interpretation of preceding efforts, and as much of the 
CHART 11 


Direction token Ly werm and cold streoms of ar 
entering oroeor. 
This is a verticol section of the room directly in 
front of inlet. Temperotures(fehr') ore noted of different points. 
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work herein touched upon is in progress, no broad conclusions 
are here presented. 1 have confined my remarks to a description 
of the various kinds of work in which the Commission has been 
engaged during the past year, outlining the avenues of approach 
to the various ventilation problems under investigation 
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DISCUSSION 


M. W. FRANKLIN: This paper emphasizes one potent aspect of 
the art of heating and ventilating, at the present time. The opinion 
is unanimous that hitherto engineers have devoted their attention to 
the standardization of apparatus and the question as to what con- 
stitutes good ventilation has been accorded scant attention, so we 
know less about ventilation than we do about applying methods of 
obtaining it. Engineers have looked to the medical profession to 
tell them what was needed for adequate ventilation. The engineer 
was able to supply any amount of air at any temperature or degree 
of humidity, and with any air movement demanded, but he had 
little information as to what would constitute good ventilation. 
The medical profession is the last place in the world to look for this 
and it seems the most natural thing that not doctors but a special 
commission should be appointed to make these investigations. 

We should co-operate with this Commission in every way, for they 
are dealing with a phase of our work which has been neglected and 
which is essential to the whole work. I should like to see greatly 
extended efforts along this line. If the Society can co-operate with 
this committee, it will be furthering the cause of heating and venti- 
lating in general, and will be of more potent benefit to the profession 
than the mere standardization of apparatus. 


Dr. E. V. Hitt: The first thing that occurs to me is as to what 
they are going to compare their results with. What standards are 
they going to adopt in checking up their information? When you 
have data to compare, you must have standards, for without them 
comparisons are impossible. 

The square feet of floor space per pound of flesh is an extremely 
good point. I shall adopt that myself because I find that it is un- 
satisfactory in making tests in schoolrooms to count the number of 
persons, who vary in weight throughout the grades. 


Another point is, in testing air currents: We have used various 
methods. The most satisfactory, although one of the most difficult 
to use, was the toy balloon, but it was not easy to get enough bal- 
loons in operation at the same time. Now we are working with an 
apparatus that pumps air through a soap solution, and blows about 
50 bubbles at a time. This is not entirely satisfactory, as some of 
the bubbles break, but I hope to be able to solve the problem. 


Pror. WM. Kent: In watching that cross-bar with the paper flags, 
it would seem that it does not tell all the facts—it tells the horizontal 
air movement, but not the vertical movement. The diagrams, too, 
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indicate a very much smaller air movement than there really is. 
In watching smoke, I have seen that the vertical air movement is 
really greater than the horizontal, and so I have invented a new 
apparatus which I present to Mr. Palmer for his work. 

Referring to Fig. 2, A is a hollow rod 10 ft. or more high, ac- 
cording to the height of the room, that has a base, B, by which it 
may be kept in a vertical position. CC are small, wide-mouthed 
bottles or flasks, partly filled with dilute hydrochloric acid, and at- 
tached to the rod at intervals of 2 or 3 ft. Each flask has a cover 


| 


Cc 


| 


2) 





oe EN 


Fl 
tie 
Coit 


FIG. 2. APPARATUS SUGGESTED FOR A SMOKE TEST OF VENTILATION. 


of light cardboard and a glass tube leading from the interior of the 
rod to near the level of the acid in the flask, and passing loosely 
through a hole in the cover. D is a bottle half-full of ammonia 
liquid, and E is a rubber bulb bellows by means of whick. puffs of 
air may be blown into the ammonia, and the air saturated with 
ammonia vapor driven into the rod and into all the flasks contain- 
ing acid. White clouds of ammonia chloride will be formed in the 
flasks and pass from them into the room where they will indicate 
the direction and the velocity of the air currents. Two or more 
flash-light photographs, taken at intervals of one or two seconds may 
also be used to record the direction, velocity and shape of the clouds. 
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H. M. Harr: I should like to ask about exhausting the air. The 
charts show only the inlet; was there any exhaust, and where were 
the openings located ? 

F.G. McCann: In connection with the tests made, it is apparent 
that the room inlet and outlet have been taken in unusual relative 
locations. The common practice, or rather our practice, is to have 
both the inlet and outlet on the same side of the room. 

The two sections in Chart 11 nicely show the fault of having the 
outlets at nearly opposite points, as there are dead spaces in both 
cases. I should like to know if any tests have been made with inlet 
and outlet on the same side, and with direct radiators in service to 
show a change in air movement. 

Tue Avutuor: The first question, that from Dr. Hill, relative 
to how we propose to study different methods of ventilation, what 
use we shall make of our observations, and just what shall be our 
basis for interpreting good ventilation, is answered in a way, by the 
sentence on page 358, of the report, as follows: 

“The past year has further witnessed efforts on the Commis- 
sion’s part to attack the practical working side of ventilation 

We are now just attacking the subject. From the data we are 
gathering and the experiences we are having, we shall expect later 
on to make use of the points of our attack. We can tell now how 
we are studying the question, but how we shall make use of our 
observations, or what shall be our basis for interpreting good ven- 
tilation, we are not at this stage prepared to answer. 

We are studying the question by gathering data in occupied 
schoolrooms on temperature, humidity, odor, carbon dioxide, air 
supply, etc. Not only are we making casual observations from 
day to day, but we are staying in the schoolroom the whole day, 
thus noting the changes that take place during the day. 

I say we are gathering data on temperature, etc., and this includes 
reading instruments as well as reading our feelings. In asking 
what shall be our basis for interpreting good ventilation, Dr. Hill 
probably has this in mind: Shall we be guided by the readings 
of our instruments, having in mind the commonly accepted standards, 
or shall we be guided rather by our opinions as to how the air feels? 
We do not know yet. We are first gathering data in these two 
different ways and correlating the results. We want to know first 
what certain readings of the instruments signify in terms of comfort. 

We register our opinions of the air condition by voting in a 
graduated scale. Thus we state how the temperature feels in 
terms of the following numerical scale: 50, too hot; 40, too warm; 
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30, O. K.; 20, too cool; 10, too cold. In the same way our observers 
vote on air motion, moisture and odor. They state whether the air 
feels particularly dead, O. K., or breezy or drafty. We can't give 
out a temperature standard in terms of personal feeling, but once 
these feelings are interpreted in terms of physical measurements, 
then we can express the standard in a more tangible form. 

Of course, we realize that people’s opinions differ widely and 
therefore what a single person feels may not altogether be relied 
on. However, when this same person is making observations day 
after day, we feel that his opinions for the purpose of comparing 
different rooms at least are of value. : 

As to the question of vertical air movement, it is true that these 
flags as they stand here do not show the exact vertical movement, 
but they do give an idea of the vertical tendency. It is also true 
that they do not tell all the air movement, as there is, of course, 
some air movement taking place that is below the sensitiveness of 
these particular indicators. Of course, smoke does give the resultant 
of the horizontal and vertical currents but one objection to smoke 
is that it is warm and will rise of its own accord and hence indicate 
a movement that is not a result of differences in air pressure. 

In regard to the location of exhaust fans, these are shown in 
Charts 9 and 10. In Chart 9, while the exhaust fan is not indicated, 
it is suggested by the air leaving at the right hand upper corner. 
Chart 10 suggests that there are two outlets, one on either side of 
the room, at the floor level. 

The question about trying direct radiating surface might be an- 
swered by saying that this was done in the test shown on Chart 11, 
where the entering air was cooler than the room air, the room 
being heated by direct radiation. In the other case, the room was 
heated by indirect radiation. 

Yes, we have studied air currents when the air entered and left 
the same side of the room. In fact, we have studied eight distinct 
arrangements of inlet and outlet, and have also varied the tempera- 
tures of the incoming air. I have not attempted here to go into 
the results of these studies but have merely attempted to indicate 
our method of studying. 
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CAN WE STANDARDIZE THE REQUIREMENTS 
FOR VENTILATION ? 


By J. J. Blackmore, New York 


Member 


HE question of what constitutes adequate ventilation has 
T been one of great concern to engineers who are called upon 

to specify the amount and condition of the air needed for 
ventilating and to determine how the air for this purpose should be 
taken into and distributed throughout a building. 


There are so many factors to be considered and there has been 
so much opposition to some forms of artificial ventilation that it 
is not surprising that the engineer has some doubts as to the ac- 
curacy of our present understanding of the subject, especially when 
he is confronted with the statement of some physician who has had 
a large hospital practice “that air taken over steam-heated coils 
is not so beneficial for patients as air coming in by open windows.” 

There is further the almost universal advice of physicians to 
their patients, “keep out of doors all you can.” 

There certainly must be some grounds for these statements, and 
the fact must be accepted that we do not as yet know just what 
it is that makes outer air conditions so much better than they seem 
to be in our homes and buildings. 

With a view to bringing together all the known factors that must 
be considered in dealing with this subject, the author will begin 
by describing the properties in the air as found in the open coun- 
try and contrast them with the conditions as found in our cities 
and as they are known to exist in the buildings in which we spend 
the greater part of our lives, a large majority of such buildings be- 
ing without special means for ventilation. 


Presented at the Annual Meeting of Tue American Society or Heatinc anp VEN 
TILATING Encineers, New York, January, 1916. 
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Can We STANDARDIZE THE REQUIREMENTS FOR VENTILATION ? 


THE ATMOSPHERE 


We will first consider the constituents of the atmosphere and 
how they are utilized in respiration—what effect respiration has 
upon the body and to what extent the expired air has been changed 
by respiration. We have also to consider the effect of the com- 
bustion of fuel in the air where great quantities are burned as in 
our large cities. 

The constituents of the atmosphere in the open country average 
as follows, the various constituents given being the quantities found 
in ten thousand parts of atmospheric air: 


Nitrogen 7,711.60 Carbon dioxide 
Oxygen 2,065.94 

Vapor 140.00 Nitric Acid 
Argon (about) .. 79.00 Ammonia 


The author quotes this authority because it gives the quantity 
of each in ten thousand parts of air. Other authorities may differ 
slightly as to the quantity of some of these constituents, but the 
differences will not be greater than would be found in samples of 
air taken at different times or at different places on the earth’s 
surface. 

Taking these constituents in the order they are given, nitrogen 
need scarcely be considered, as its only use or function seems 
to be to dilute the oxygen to prevent it from becoming too active 
in the work of combustion. 

The next constituent, oxygen, is the life-giving substance in 
the air, without which animal life, as we know it, would be im- 
possible. Hence we must accept the fact that oxygen is the 
most important constituent of the atmosphere. 

The next constituent, vapor, though by comparison with nitro- 
gen or oxygen is very small, is nevertheless of vital importance 
to animal life, for while it may not be actually necessary to the 
process of respiration, man’s body is largely composed of water 
which is constantly evaporating, due to the process of combus- 
tion. 

Man gives off moisture in three ways, by respiration, by per- 
spiration and emanations from the pores of the skin and through 
the bladder. 

The next constituent, argon, is an inert gas and so far as now 
known does not effect the process of respiration. 

The next constituent, carbon dioxide (CO,) is a familiar one 
to heating and ventilating engineers, from the fact that its pres- 
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ence is used to determine the relative purity of the air in our 
buildings. By its presence the chemist or engineer can determine 
the amount of air that has come into a room by leakage or other- 
wise, when it is known how many people have occupied a room 
for a definite time. 

In cities CO, is present in a slightly larger quantity than in 
the open country, four parts in ten thousand being the amount 
usually contained in city air. 

Almost all authorities agree that this gas is harmless in the 
quantities usually found in the air, and Dr. T. R. Crowder? shows 
that its presence is necessary and that up to a certain extent its 
presence is beneficial. That it is a dangerous and very obnox- 
ious gas when present in large volume can be ascertained by any 
one who inhales it in the products of combustion coming from a 
chimney. 

The next substance in order is ozone, of which the quantity is 
so small that its influence on animal life is hard to trace, but this 
substance, which can easily be produced by electricity, may have 
a useful place in the art of ventilation for the destruction or 
elimination of objectionable odors. 

The last two constituents, nitric acid and ammonia, do not 
appear to be of direct use to animal life, but are absorbed by the 
earth for use of vegetation. 


ARTIFICIAL CONDITIONS 


The concentration of man in certain places on the earth’s 
surface favorably located for defence or trade led up to the build- 
ing of our cities. In the growth of these cities artificial condi- 
tions have been created that are detrimental to the physical well 
being of animal life. This fact is noticed in the increase of CO, 
of the air of our cities as compared with that found in the coun- 
try. It is true this difference is small and does not materially 
affect the value of the city air for respiration. 

The presence of dust, bacteria and odors is very much more 
evident in the cities than in the country and the fact needs careful 
consideration in dealing with the subject of ventilation. 

In the erection of buildings for shelter and other purposes man 
has created artificial conditions to a greater extent than he has 
realized, and it is these conditions, in so far as they concern the 
air and temperature, that the author proposes to compare with 
the conditions as found outside our buildings in the open air. 

Mr. Ohmes says,® “To supply buildings with fresh air is be- 


coming a more difficult problem in our large cities. Not only 
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are the conditions within the buildings, due to their ever increas- 
ing size made more difficult, but the sources from which fresh 
air may be secured are getting less and less. To emphasize this 
point, consider for instance, the oil-and-gasolene charged atmos- 
phere created by thousands of automobiles in some of our 
streets—particularly of our finest streets, viz.: Fifth Avenue, on 
a typical winter day. But this is not the only contamination 
that the city air is subject to, for the smoke stacks of large heat- 
ing and power plants belch objectionable gases and cinders 
(smoke is prohibited by ordinance in all large cities); there are 
the torn-up streets with the disagreeable sewer and gas smells. 
On dry, windy days, we have the dust and dirt from building 
operations, horse-manure, etc. If it is questionable that the air 
is healthy at certain times in our streets, what must it be under 
these conditions in our buildings?” 

According to Wolpert,’ a grown-up man gives out per hour, 
when sleeping, 0.45 cu. ft. of carbonic acid gas and about 630 
grains of vapor. When resting, 0.63 cu. ft. of carbonic acid gas 
and about 1,080 grains of vapor are given out per hour by the 
same person; with hard work this is still further increased 1.4 
to 2.0 cu. ft. of carbonic acid gas per hour and to 1,490 to 1,760 
grains of moisture; all at a temperature of about 71 deg. fahr., 
and the air at 60 to 70 per cent. humidity. The temperature 
of the exhaled air is 97 to 99 deg. fahr., and is saturated with 
humidity. One cu. ft. contains 18.67 grains of moisture at a 
temperature of 98 deg., so that a man on the average gives out 
within 24 hours, in this way, 6,520 grains, equal to 0.93 pounds 
of water. 

Ordinarily it is figured that a grown-up person gives out per 
hour, when resting, 0.7 cu. ft. of carbonic acid gas and 1,110 
grains of moisture, and when working hard, 1.4 cu. ft. of carbonic 
acid gas and 1,500 grains of vapor. For a child, one-half may be 
figured. Air containing 8 per cent. (by volume) of carbonic acid 
gas (800 parts in 10,000), according to time limit, gives head- 
aches, nervousness and slow death, but the same actions take 
place in the air at 4 per cent. (by volume) of carbonic acid gas 
(400 parts in 10,000), if the carbonic acid gas has replaced a 
similar amount of oxygen. It will be noted that in the latter case 
air would almost be the same in oxygen as the air exhaled by a 
human being. 

The heat generated by people is different for both age 
and sex. A young man will give off more than a young 
woman, and a man more than a woman. According to Rubner, 
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a grown-up middle weight man will give out 480 B.t.u. per 
hour, of which about 400 B.t.u. are measurable, and the rest are 
used up in vapor generation. Rubner figures that 44 per cent. 
is given out by radiation, 31 per cent. is lost by conduction and 
the rest is used up for vapor generation. On the average it can 
be figured that adults give out 400 B.t.u. per hour, children 200 
B.t.u. per hour, and a baby 64 B.t.u. per hour at a temperature 
of 64 to 68 deg. F. 

While the above products of respiration, etc., are unavoidable 
from any human being, there may be in addition to these, 
nauseating odors given out due to disarrangement of the stomach, 
unclean teeth, general lack of cleanliness, etc. Furthermore, 
odors are frequently given out by certain new floorings, carpets, 
etc., and often an otherwise well-ventilated room has been criti- 
cized on account of odors from these sources. 

Dr. T. R. Crowder says,” “The air which surrounds the body 
has two principal functions; a chemical and a physical. It oxy- 
genates the blood and it removes the body heat. For the per- 
formance of its chemical function it must contain a sufficient 
amount of oxygen to keep the hemoglobin saturated and be free 
from poisonous gases; for the performance of its physical func- 
tion it must be cool enough to absorb the heat of the body, dry 
enough to take up moisture from the skin, and have motion 
enough to carry away the aerial envelope to which this heat and 
moisture are transmitted. If the air of the room is not renewed 
its oxygen is gradually consumed and it becomes laden with 
heat and moisture from the bodies of the occupants. In this 
way it may finally become unable to perform either of its prin- 
cipal functions. A constant supply of fresh air is therefore 
necessary. 

But careful experiment has demonstrated that under all ordi- 
nary circumstances the fault develops on the physical side.so far 
in advance of the chemical that the latter may be practically 
left out of consideration. Relatively small amounts of fresh air 
will always supply the chemical needs of the body; large amounts 
may be necessary to supply the physical demands. Granted 
that the small amount of air necessary for the demands of 
respiration is supplied, the control of its physical properties 
temperature is vastly the most important. The success of ven- 
tilation depends far more on supplying conditions suited to the 
outside of the body than to the inside of the lungs.” 

The art of ventilation calls for several operations beyond that 
of conveying into a building a quantity of fresh air and the 
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removal of a similar quantity of (so-called) foul air from the 
same building. 

The engineer can furnish means to move the air into and out 
of a building with precision if he is not hampered by an appro- 
priation too small for the work and is given ample space in the 
building in which to place the apparatus; hence the author con- 
siders it unnecessary to go into this part of the problem for it 
has been ably dealt with by Messrs. Busey, Carrier, Harding 
and others, in the Transactions of the Society. 

The other operations necessary to good ventilation may be 
designated as follows: 

First: 

Air Cleansing— 

(a) The removal of dust and particles from the air before 
the air enters the heating chamber. 

(b) Means for removal of bacteria if such should be found 
necessary. 

Second: 

Relative Humidity— 

(a) Furnishing means to add or deduct moisture to or from 
the air when the condition of the air needs such treat- 
ment. 

(b) To furnish adequate regulation that the humidity may 
be controlled within certain limits that may be founda 
desirable. 

Third: 

Temperature— 

(a) To furnish temperature regulation to control the heat 
that warms the air supplied for the purpose of ventila- 
tion. 

(b) To furnish temperature regulation for the temperature 
in the several rooms of a building. 


(c) To so place the heating surface that the heat will be 
evenly distributed in a room. 
Fourth: 


Air Movement— 
(a) To bring the air into the room at such places that a 
uniform circulation shall obtain in all parts of the room. 
(b) To arrange for the placing of desk fans or other appli- 
ances in the rooms when the air movement is inadequate. 

Fifth: 

Odor Removal— 

To provide for removal of odors when such are objectionable. 
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In considering the dust in the air it is well to recollect that it 
is found in varying quantities at different times and places. Dr. 
E. V. Hill* found that air taken from the roof of the Chicago 
City Hall at different times shows a wide variation. The extreme 
of several samples showed 8,740,000 dust counts per cubic foot. 
One taken after a night of rain, and while it was still raining, 
showed 412,000 dust counts per cubic foot. A sample taken 
from a Chicago street car showed 19,600,000 dust counts per 
cubic foot. 

Almost every one has noticed how clear and delightful the 
air is after a heavy thunder storm in summer; at such times the 
air is washed almost clear of dust. The condition of the air 
as found after a heavy rain storm, the author thinks, might be 
adopted as a standard for cleanliness till further knowledge de- 
termines a better one. 

This Society has appointed a committee’ that is working 
on the problem of what is a standard for air cleanliness and for a 
standard method of testing air washers. It is expected within a 
year it will be able to report some findings of considerable value. 

So far as air cleansing is concerned the engineer has an oppor- 
tunity to improve on the conditions as found in the open, for 
excepting a few hours after a heavy rain storm, dust is always 
present in large quantities in the air. 

It is not necessary to remove every particle of dust from the 
air as Nature has provided us with safeguards that prevent a 
certain amount of dust from reaching the lungs, but the dust in 
quantities that generally fills the air in our cities, especially in 
some of our industrial plants, is more or less detrimental to 
the health of the people who have to breathe it. 

From an economical point of view it seems as though it would 
pay any community to cleanse the air before it enters its build- 
ings as the cost of removing dust from furniture and fabrics and 
the wear and tear as a result of its presence, is enormous. 


RELATIVE HUMIDITY 


That the subject of relative humidity may be understood, the 
author will outline some of the physical features of aqueous 
vapor in the atmosphere. This vapor is continuously falling to 
the earth in the form of dew, rain or snow, which is again evap- 
orated from the oceans, lakes, rivers and to a large extent from 
the land. 
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The quantity of vapor in a cubic foot of air varies with the 
temperature and locality. In Arizona and New Mexico there is 
much less than in other parts of the United States. The quantity 
does not depend on the barometric pressure and it seems to be 
independent of the air it floats in for it can be taken from the 
air without changing the other constituents. 

The elastic pressure of the dry air and the elastic pressure of 
the vapor added together make what is ordinarily called 
barometric pressure. 

The weight of the moisture and the weight of the dry air 
added together determine the density of a cubic foot of air and 
when a cubic foot of air contains as much vapor as it can hold 
at a given temperature it is saturated (that is, it contains 100%). 
If any drop in temperature occurs in this volume of air some of 
the moisture in it will be precipitated. If a rise in temperature 
occurs the percentage of moisture would become less in propor- 
tion. 

The following table indicates that there may be as much as 
twenty grains of moisture in a cubic foot of air. The dry air 
in this extreme sample at a pressure of 30 pounds in all direc- 
tions would be 465 grains giving a combined weight of 485 


grains.° 


TABLE 1. PRESSURE AND WEIGHT OF VAPOR AND DRY AIR IN A CUBIC 
FOOT OF ATMOSPHERE AT A PRESSURE OF 30 LB. WHEN SATURATED, 
AT VARYING TEMPERATURES. 

‘ ‘ Total ight 
Vapor weight _Dry air ap Ps 
in gr. per weight gr. per air gr. per 
cu. ft. cu. ft. cu. ft. 


0 0.038 29.962 0.48 605.32 605.80 
10 0.063 29.937 0.78 591.93 592.71 
0.103 29.879 1.24 578.79 580.03 

0.164 29.836 1.94 565.79 567.73 

0.247 29.753 2.85 552.89 555.74 

50 0.360 29.640 4.08 539.93 544.01 
60 0.517 29.483 5.74 526.75 532.49 
70 0.732 29.268 7.98 513.00 520.98 
80 1.022 28.978 10.93 598.48 509.41 
90 1.408 28.592 14.79 482.65 597.64 
100 1.916 28.084 - 19.77 465.77 485.54 


Temp. Vapor Dry Air 
deg. F. Pressure Pressure 


The table shows how rapidly the capacity of the air for mois- 
ture increases with the rise in temperature. The air will hold 
0.78 grains of vapor at 10 deg. fahr. and 7.98 at 70 deg. fahr., rather 
more than ten times as much. If there was half this quantity of 
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vapor in the air, say four grains, the relative humidity would be 
50 per cent.; that is, half the quantity of moisture the air could hold 
at that temperature. 

It is necessary to inquire into the prevailing relative humidity 
as it is found to exist in the United States at different places in 
the open and to contrast these findings with those found in the 
homes of our people and in the various buildings we inhabit. 

It has seemed to the author that if we could ascertain exactly 
the variations in.absolute and relative humidity that exist out- 
side we would be in a better position to determine what is the 
best absolute or relative humidity to adopt for the air in our build- 
ings. 

It is true that we have only recently been able to obtain data as 
to the relative humidity in the open taken through the differ- 
ent periods of each day, as heretofore the United States Weather 
Bureau have only given the humidity for the hours of 8 a.m. 
and 8 p.m. and this was not sufficient information to enable us 
to determine our needs. 

The author has received from the United States Weather Bu- 
reau, Washington, D. C., under date of October 25th some tables 
giving the record of average relative humidity and temperature 
for the year 1914, taken at the even hours, making twelve read- 
ings in twenty-four hours. These readings are arranged to give the 
average of such hours during the month. 

The officials write that as yet no absolutely satisfactory record- 
ing instrument has been devised for taking relative humidity, 
but they say the tables given are from readings made with such 
instruments and the records were checked by frequent cye obser- 
vations and they give a fair idea of the mean variations of humid- 
ity during the day at the points where the records were made. 

The last three columns in each of the tables and the summary are 
added by the author. 

The tables show greater differences than one would expect 
at points fairly close together. Chicago shows an average of the 
extremes of only 11%, whereas Springfield, Ill., only about twa 
hundred miles distant from Chicago has an average extreme of 
21.5%; Burlington, Vt., shows an average of extremes of 19% 
while those of Fresno, Cal., show 38.5%. 

It is unfortunate that we have no records on the Atlantic Coast 
to compare with those of Fresno on the Pacific. It is also to 
be regretted that no data of any other large city than Chicago is 
available, to determine whether humidity is greater in the larger 
cities than in the country towns or smaller cities, or whether a 
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city located on the shore of a lake would have a higher relative 
humidity than one inland. 

Take the extreme variation in the Chicago table and it will 
be seen that the highest mean relative humidity for the winter 
months is 81% and the lowest 54%, and the average of the ex- 
treme variations, 9.66%. A study of this table will show that 
the high and low periods were very close together, the high being 
in October and the low in November, an extreme average varia- 
tion of only 27%. 

Now note the Burlington, Vt., table. The highest mean rela- 
tive humidity for the winter months is 83% in October and the 
lowest, 58%, also in October. In this table these high and low 
periods are in the same month and show an extreme variation 
of 25%, but the average of the difference is only 12%. 


Next take the table for Springfield, Ill.; the highest relative 
humidity for the winter months is 87%, which is in October and 


the lowest 54% in November, and the average of the extreme 
differences is 16.16%. 

Then consider the table for Fresno, Cal., and see how much 
wider the extremes are apart; 92% in February and 33% in 


November with a difference of 59% and the averages of the ex- 
treme difference is 60.5%. 

It would seem from these tables that we should have no trouble 
in ascertaining what is the best relative humidity, but the figures 
show that we are accustomed to considerable fluctuations, if we 
are to be guided by outside conditions. It is interesting to note 
that the lowest average humidity, except at Fresno, is 54%. 

It is now in order to consider the condition of relative humidity 
as found in our homes and buildings. It is probably in respect to 
humidity that we have gone to extremes in producing artificial 
conditions, and greatly to the detriment of our physical welfare. 

It is difficult to give a definite record of the relative humidity 
found in our homes and offices, as but few people know what the 
conditions are. Enough, however, has been learned to be sure 
that it runs very low in our homes and still lower in offices 
and stores. It can be stated in a general way that the relative 
humidity in stores and offices will be as low as 20%, and fre- 
quently it will run as low as 10%. Mr. F. L. Busey’ speaks of 
humidity as low as 8%. Mr. J. I. Lyle® speaks of humidity in 
office buildings from 8% to 20%. Mr. Whitten and Mr. Davis® 
speak of relative humidity as low as 10% to 20% ina school. Dr. 
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Thomas Hubbard” tells of cases from 14% to 20% in furnace 
heated schools. 

The author took readings in the office of the Society during 
January and March, 1915, and the extreme range was from 21% 
to 57% for January with an average of 42% and for March the 
extreme range was from 30% to 40%, with an average of 37%. 

A member of the Society also made some readings at his 
office and home as follows: 

The office is on the tenth floor of a building with a floor above 
and below heated in a similar manner by direct radiation. The 
relative humidity range for eighteen days in February, 1915, was 
23% to 39%, with an average of 25%. 

In his home, which is located at Newark, N. J., the readings 
were made from a room that opens into the general living room 
with sliding doors which were always open; the extreme range 
of eighteen readings was 28% to 46%, with an average of 37%. 

It may be well to consider in connection with this paper the 
results that have been attained in the New York Stock Exchange 
which is supplied with cooling apparatus to reduce the tempera- 
ture of its rooms when the heat or humidity outside becomes 
excessive. 

This association has, usually from twelve to fifteen hundred 
men and boys on the exchange floor during business hours and 
they are nervous and excitable people. The room conditions as 
to temperature and humidity that have been found suitable for 
the average of this number and class of people may be assumed 
to be as nearly correct as it is possible to attain, 

They have found it necessary at times to cool the air in this 
building in December and March, when the temperature reached 
70 degrees or over with high relative humidity. 


The air for cooling this building is reduced in temperature 


to a range of 57 deg. to 62 deg. or an average of 60 deg. (see 
diagram, Fig. 1'°) and at that temperature it is delivered into the 
room through the registers located 80 feet above the floor line. 
The air delivered to the room contains approximately 100% 
of moisture, but in mixing with the air of the room the tempera- 
ture is raised to 74 deg. when the quantity of moisture be- 
comes about 60%, varying with the amount contained in the air of 
the room. 

The temperature that is maintained in the summer is not 
uniformly at 70 deg., but is made relative to the outside tempera- 
ture as determined by actual experience in providing for the 
comfort of the large number of people who use this exchange. 
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The diagram, Fig. 1, *° shows how the inside temperatures vary 
with the outside differences. 

For instance, with the outside temperature of 90 deg. the 
inside temperature is maintained at slightly less than 79 deg., 
whereas with an outside temperature of 80 deg. the inside tem- 
perature is slightly less than 74 deg., these temperatures being 
the ones that gave the best results, determined by constantly 
watching the effect of different conditions on the occupants of 
the room. 


FIG, 1 RANGE OF TEMPERATURES FOR COOLING BUILDINGS. 


Their experience in operating this plant demonstrates that 
an inside temperature of 70 deg. when the outside temperature 
reaches above 75 deg. or 76 deg. fahr., is neither healthy nor desir- 
able. 

TEMPERATURE CONTROL 

As the engineer has to provide a plant of sufficient capacity to 

heat a building in the coldest weather it follows that for the 


greater part of a heating season the apparatus is much too large 
for the requirements and the danger of overheating a building 


is always present. 

It is therefore of the first importance that adequate means 
should be provided to regulate the heating apparatus that exces- 
sive temperature may be avoided, 

Recent researches have indicated that one of the most bane- 
ful factors involved in ventilation is too much heat." 

This additional heat, that is very detrimental to health, also 
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costs much money, hence the use of automatic regulating appa- 
ratus is almost always a direct saving in operating cost. 

Dr. Hubbard says :!? “It costs as much to raise the temperature 
in cold weather from 60 deg. to 70 deg. as it does to raise the 
temperature from 20 deg. to 60 deg. F.,” and while this statement 
may be questioned, there is no doubt that there is a greater 
proportionate loss involved in heating a building up to 70 deg. 
than would be the cost in heating up to only 60 deg. 

There are many reasons to indicate that we warm our build- 
ings to too high a temperature and that one of the necessities 
of good ventilation is to provide means to keep the heat from ris- 
ing beyond the point where it is best for the proper development 
of our people. 

This temperature, it would seem, should be adjusted to the 
purposes the building or rooms are to be used for. A bedroom 
does not need as high a temperature as a dining- or living- 
room, but excessive temperatures should be avoided. 


TEM PERATURE 


In dealing with the temperature of the outside air we have 


to consider the effect the sun has on the atmosphere and how 
hot the air becomes from the radiation that comes from the sun 
to the earth and from the earth to the air. 

It will be remembered that it is but rarely that the tempera- 
ture reaches above 100 deg. If we are to accept natural con- 
ditions as a standard we are using means for heating the air 
very much in excess of that supplied by nature. 

Steam coils as used for heating the air for ventilating are at 
an average temperature of about 210 deg. It is possible that 
this temperature is too high and that some means should be 
devised as by using hot water in place of steam that a tempera- 
ture down to 120 deg. or less may be employed. 

It is also possible, however, that if the air is washed clear 
of particles that might be changed by coming into contact with 
surfaces heated to a temperature equal to atmospheric steam, this 
temperature might not be injurious to it, but the author is of the 
opinion that it is safer to use surfaces at a low temperature as 
being more in accord with natural conditions, 

In northern climates the variations of temperature extend 
through the year over a range of 100 or more degrees, as in the 
summer it is often as high as 85 or more degrees and just as 
often in winter in some localities it is as low as 1) or more 
degrees below zero Fahr. 
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At the extreme of either of these temperatures man does not 
flourish mentally or physically and is not comfortable; hence we 
can assume that man in cold weather must have some means of 
retaining his body heat or he cannot continue to exist, and 
likewise in the time of extreme heat in summer he must have 
some means of disposing of the extra temperature or he must 
change his food and reduce his activity to avoid generating 
excessive heat. 

AIR MOVEMENT 

The question of air movement in our buildings has never 
received the attention the subject deserves and the author is 
strongly of the opinion that this particular function will do more 
to provide adequate ventilation than any of the requirements 
heretofore mentioned. 

In the open air there is almost always more or less air move- 
ment and such a condition as “dead air space’ would be hard to 
find. Contrast this with the conditions in our buildings in which 
the air is almost always stagnant and “dead air spaces” can 
be found in almost any room, and very often in those rooms 
that are provided with as much air as thirty cubic feet per 
capita. 

Dr. Thos. R. Crowder" says that in the open air standing 
free with a light breeze blowing the reinspiration of expired air 
could not be detected, but in almost all his experiments indoors 


a definite amount of expired air was reinhaled, except when a 


draft from a fan was blown towards the face. 

It is true that Dr. Crowder says a reinspiration of a portion 
of the expired air is not injurious, and the author only uses 
this reference to illustrate the fact that a condition of still 
air almost never exists in the open and that Dr. Crowder’s ex- 
periments show conclusively that only constant air movement 
will carry off the emanations from the body whether those be 
CO,, heat or odors. 

The Chicago Commission on Ventilation’* in their experiments 
in school rooms show how hard it is to get uniform air move- 
ment in the rooms and that their experiments are largely di- 
rected towards the procuring of better diffusion of the air for the 
use of the pupils. 

The author is quite convinced, after a careful study of the subject, 
that a thorough diffusion and a constant movement of the air in 
the rooms of our buildings is the most important factor in the 
production of good ventilation and that if the location of the fresh 
air inlets by which fresh air is delivered to rooms is such that the 
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current does not reach every part of the room, such rooms should 
be provided with desk fans, or fans of some other type so placed 
that they will insure the absolute diffusion and continuous movement 
of the fresh air to all parts of the room. 


CONCLUSION 


The author presents this paper for the purpose of showing 
that it may be possible to arrive at a standard for the factors 
in ventilation by contrasting the condition of the air in our 
buildings with that of the air outside and that if data could 
be collected from a number of buildings showing the relative 
humidity and the lack of air movement, we could soon know 
how greatly the conditions in our buildings differed from those 
in the open air. 

One thing seems to be apparent in the foregoing inquiry, and 
that is the constant changing of all the factors that enter into the 
problem of ventilation, and it may be that one of the reasons for the 
healthfulness of the outer air is the constant changing in the air 
movement, humidity, temperature, sunlight, etc., that continually 
take place in the aerial envelope or atmosphere that surrounds the 
earth, which is our natural environment. 

The United States Government Weather Bureau have estab- 
lished stations for taking relative humidity at the following 
cities: Sacramento, San Francisco, Fresno, Los Angeles and San 
Diego, Cal; Boise, Idaho; Sheridan, Wyoming; Lincoln, Ne- 
braska; Chicago and Springfield, Ill.; St. Louis, Mo.; Meridian, 
Miss.; Grand Rapids, Mich.; Columbus, Ohio; Ithaca, N. Y.; 
Washington, D. C.; Tampa, Fla., and Burlington, Vt. However, 
it will be a year or two before they will have gathered enough 
data to enable them to present the actual relative humidity at 
all of those stations. 
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DISCUSSION 


Dr. E. V. Hitt: The question is not “Can we standardize 
ventilation requirements?” but rather ‘“‘Why have we not stand- 
ardized long before this?” A good many think that it is wrong 
to adopt standards for the reason that we appear to be tying 
ourselves to something that is unalterable and unchanging. If 
I am asked whether or not we have sufficient data at hand to 
establish such fixed and unalterable standards I should have to 
say no. It is essential that we do adopt such standards, as I 
feel strongly it is the only avenue of progress. It may be neces- 
sary to change them next month or next year, but even so it 
is far better to do this than to drift along with no standards 
at all. 


ln steam heating work the standards that have been estab- 
lished are comparatively simple. When an engineer draws 
specifications he designs an equipment that will maintain a tem- 
perature of 70 deg. when the outside temperature is zero and 
he expects that that standard will be fulfilled when the installa- 
tion is completed and tested. In designing a ventilating equip- 
ment the contractor is simply instructed to furnish apparatus 
that will supply so many cubic feet of air, with possibly some 
restrictions regarding velocity and pressure. Practically all of 
the other essential factors that enter into the problem of ven- 
tilation are neglected. 

The result of this is that the heating and ventilating engineer 
is falling, or I might say has fallen into disrepute, to an extent 
at least, because the operation of the equipment which he de- 
signed does not come up to expectations of the purchaser. This 
is due almost entirely to the fact that there are no standards 
regarding many of the important features in ventilation prac- 
tice which should be specified in the contract and fulfilled by 
the operation of the equipment. 

This can perhaps, be best illustrated by a recent experience 
I had in a school in one of the suburbs of Chicago. The School 
Board wrote asking us to make a test of the air conditions. This 
we did, determining the air supply, distribution, bacterial con- 
tent, dust content, etc., and wrote to them giving the results 
of our tests and observations. They immediately wrote back 
saying that while our tests were probably very complete they 
meant nothing at all to them and asked if we could not supply 
them with some standards for school ventilation with which the 
tests could be compared. I, therefore, revised the report, giving 
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the standards which I consider desirable in certain columns 
together with the results of tests of these conditions. The stand- 
ards used were as follows: 


Air supply per pupil . . 30 cu. ft. per min. 
CO, content 8 parts in 10,000 parts of air. 
Temperature 68 deg. Fahr. 
Relative humidity 42 per cent. 
Dust count 100,000 particles per c.c. 
Bacteria 12 colonies on a three-minute plate. 

2 ft. per second. 


With the exception of the humidity and the air supply of 30 cu. 
ft. per min. the standards suggested should be considered as 
maximum. 

Tests in the school room referred to show something over the 
30 cu. ft. per min. suggested as a standard. The colony count, 
dust count, etc., were in general less than the maximum allowed 
by these standards. In two rooms where no mechanical equip- 
ment had been provided the amount of air fell considerably below 
the standards mentioned ; the CO, and the bacteria counts much 
above. It is already apparent that an air movement in a room 
of 2 ft. per second is objectionable in some cases and this will 
have to be reduced. It is probable also that other standards 
will have to be added and some of these changed, but I am sure 
that it is better to use these as a basis for comparison than to 
have none at all. 

For testing air movements in a room we use a small appa- 
ratus consisting of two 125 c.c. rubber stoppered* bottles, one 
containing hydrochloric acid and the other ammonium hydrox- 
ate. By means of a small hand pump air is forced through the 
two bottles simultaneously and the volatilized substances min- 
gled at the outlet nozzle. A chemical reaction occurs between 
the acid and the alkali, forming ammonium chloride, which floats 
through the air as a dense white cloud. Stationing a second 
observer in the direction of the air movement, 10 ft. from the 
apparatus, it is an easy matter to determine the velocity of the 
air movement by timing the travel of the puff of smoke from 
this device. 

In testing for bacteria we expose a culture plate for three 
minutes, incubate for 48 hours at room temperature, and count 
the colonies. In a properly ventilated room the count will be 
below 12. Methods of taking air samples, making dust counts, 
etc., you are familiar with and I will not repeat them here. 





3°6 Discussion OF STANDARDIZATION OF REQUIREMENTS FOR VENTILATION 


These are the standards which we are using, I think with good 
results, in Chicago and I feel strongly that this is the way to 
make progress in determining why unsatisfactory results are 
so often encountered in mechanically ventilated buildings. | 
believe we can help forward the work of this organization by 
using standards of this kind in testing. 


Answering the question as to our method of calculating dust 
counts, the most consistent results are obtained by the use of 
the filtration method. We use, however, the Aitken dust counter 
as it is much easier to operate and requires much less time. The 
difficulty with the Aitken method is that it shows every minute, 
or I should say microscopic dust particle which escapes observa- 
tion with the filtration method. We get, therefore, a much 
higher count with the Aitken machine than with the filtration 
method. In regard to making bacterial observations, I will say 
that we have tried various methods—the Caldwell tube, sand 
filter, etc..—but for practical work, we have discarded these and 
rely on an ordinary Agar plate exposed usually for three min- 
utes and incubated for forty-eight hours at room temperature. 
Colony counts are made at the end of the incubation period 
and noted on our record card. We have exposed something like 
3,000 plates in the last two and one-half years in school class 
rooms, theatres, street cars, etc., and checked the number of 
bacteria against other air conditions in these places. In this 
way we have arrived at 12 as a maximum number of colonies 
in properly ventilated rooms. Where efficient air washers are 
in operation, it is unusual to get a colony count above this 
number. 


H. M. Harr: I was surprised to note the results obtained in 
the “tock Exchange, where the conditions are given as 74 deg. 
with 60 per cent. humidity. Probably this is due to the fact 
that it was a summer day. The outdoor conditions do not always 
mean the most comfort, as noted when checking up the chart, 
showing the comfort zone, given by the Chicago Commission 
on Ventilation. The conditions given in this are about those 
of a fine spring day, but the relative humidity and the tempera- 
ture can vary quite a good deal, from natural conditions. These 
observations covered a period of two years, and tests and obser- 
vations show that outside conditions are not always of the most 
comfort. 

We are interested in establishing standards, and I believe 
the standards which Dr. Hill shows have been accepted as a 
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basis from which to work. I agree that we need not consider 
the standard as the last word, and so be afraid to accept it 
for fear we could not change it. 


Pror. WM. Kent: The author states as his opinion that it is 
safer to use surfaces of low temperature for heating, as they are 
the more natural ones and follow natural conditions. He refers to 
120 deg. as a usual temperature obtained in hot water heating. 
We have used temperatures from 120 to 2,000 deg. for obtain- 
ing heat, from live steam and from gas-logs, stoves, fire-places 
and electric heaters and I know of no evidence that there is any 
disadvantage from the use of these high-temperature mediums. 

The question in the paper is, “Can we standardize ventilation 
requirements,” and I think the answer is “Yes” and “we have.” 
The heating and ventilating engineer and the medical profes- 
sion have for many years had the standard of 30 cu. it. of air 
per minute per occupant for ventilating purposes, and recent in- 
vestigations have shown that while this quantity is not neces- 
sary for removing the CO,, it is necessary for removing the 
body heat and keeping the occupants comfortable. 

It is well established in New York that with a temperature 
between 66 and 72 we can be rendered very comfortable if the 
humidity is not too high. There is a difference of opinion in 
regard to humidity. The Chicago Commission shows what they 
consider the comfort zone, while Prof. Winslow gives other fig- 
ures, showing 20 per cent. as the desirable relative humidity at 
75 deg., and 90 per cent. at 55 deg. 

With high temperature, we want a dry atmosphere. We 
suffer when we have a temperature of 60 deg. to 70 deg., and 
a high humidity. At this temperature, about 30 per cent. humid- 
ity is satisfactory. 

We thus have fairly good standards as far as volume, tem- 
perature and humidity are concerned. We have as yet no stand- 
ards for dust and for bacteria, but they can be obtained, no 
doubt, after a few years of systematic research, 


Dr. E. V. Hits: Professor Allen made an inquiry regarding the 


ae | 


Comfort Zone Chart. I will say that there were 


tions made in the experimental room of the Chicago Normal 


College under varying conditions of temperature and humidity. 
The pupils were at work at their regular duties when the tests 
were conducted, They would be asked how they felt regarding 
temperature, ete,, and their answers recorded, The results were 
plotted on the chart and the curve made up from this data. 
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The zone through the center, indicating the conditions that are 
comfortable, you will note, is quite wide, the line through the 
center of this zone indicating the average humidity and tem- 
perature for this region. It is apparent that the humidity can 
vary within quite a wide range and still fall within the zone of 
comfort. 

Regarding the question asked as to housing standards, I will 
say that I do not feel competent to answer it. These standards 
have been worked out on the basis of floor area per occupant. 
The Chicago Code requires that the cubic contents for a habi- 
table room shall not be less than 400 cu. ft. per occupant. 


Tue Avuruor: The reason why I investigated the plant of the 
Stock Exchange was because means were provided for cooling 
the air in summer and | wanted to see if I could arrive at a 
conclusion from the results obtained from this plant as to whether 
an inside temperature of 70 deg. with an outside temperature of 
from 65 deg. down to zero, was always desirable. 

In using this plant, they have had considerable experience in 
providing various degrees of humidity and temperature. I had 
several interviews with the chief engineer in charge and he told me 
they could not maintain 70 deg. in the building with safety, when 
the temperature outside was above 76 deg., for the building was 
too cool and consequently they had to raise the temperature. In 
other words, there was a relation between inside and outside condi- 


tions which they found it wise to consider. If it was 90 deg. 


outside, the occupants of the building were most comfortable when 
the temperature was kept at 75 deg. 

hey have some interesting records covering long periods 
of time from which they iound that it was to their advantage 
to maintain other temperatures than 70 deg. with the outside 
conditions varying from 60 deg. down to zero. 

Mr. Kent has stated that high temperature surfaces for heating 
buildings are not objectionable; that there is difficulty in getting 
evidence that high temperatures are injurious. I have heard many 
strong objections to fire-places and gas-logs. In my own house | 
have two gas-logs, and whenever ony one lights them there is always 
a strong objection raised on account of objectionable odors. 

I want to call attention to the fact that outside of our build- 
ings there is continual change in air movement and in like 
manner, the humidity is always changing. It is just possible that 
we should not adhere closely to 70 deg. for the inside temperature 
and 60 per cent. humidity without regard to other conditions. My 
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idea is that it is best to see if we can determine if a study of 
outside conditions will be of any aid to us in our efforts for improv- 
ing the healthfulness of the air in our buildings. The question of 
relative humidity, unless taken in connection with temperature, 
will be ineffective. 


It will be a good idea for our members to undertake to collect 
records of relative humidity and temperature in the various sections 
of the country, so that we might find out how variable it may be 
in the different states. 
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HE Semi-Annual Meeting of THe AMERICAN SOCIETY OF 
} HEATING AND VENTILATING ENGINEERS, for 1916, which was 
the fortieth regular meeting of the Society, was the largest 
attended and one of the most successful summer meetings in its 
history. ‘The meeting was held at Detroit, Mich., on July 19, 
20 and 21, with headquarters at the Hotel Statler. The arrange- 
ments for the meeting were made by the recently formed Michi- 
gan Chapter, whose liberal efforts in providing for the entertain- 
ment of the visiting members contributed largely to the success 
of the meeting. The registration at the meeting was 92 mem- 
bers and 66 guests. The meeting was conducted under the 
chairmanship of H. M. Hart, President of the Society. 


FIRST SESSION—-WEDNESDAY A. M., JULY 19, 1916 


The meeting was called to order at 11 A. M. by President 
tlart, who announced that the Mayor of Detroit had found it 
impossible to be present to formally welcome the members of 
the Society and that he had sent Mr. James H. Lee, of the Cor- 


poration Counsel’s office as his representative. Mr. Lee spoke 


in part as follows: 


James H. Lee: It is customary when Detroit entertains a con- 
vention, for the Mayor on behalf of the city to extend a welcome 
to the visiting delegates. Detroit is perhaps the greatest con- 
vention city in the United States and the Mayor is kept busy 
seeking to extend the official hand of welcome to those who are 
within our gates. You can readily appreciate that because of 
the numerous conventions that meet here, it is utterly im- 
possible for his honor to attend them all. So it is my humble 


401 
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duty this morning, in the best way I can in behalf of him, and 
in the name of this great city of Detroit, to extend to you gentle- 
men a welcome. 

I want to say that we extend to you visitors a most hearty and 
sincere welcome. Those of you who have never been with us 
before will be astounded at the marvelous progress made by the 
city of Detroit in the last fifteen years. We want you to see not 
only something of our industrial progress, but something of our 
municipal progress, and our improvement along the lines of mu- 
nicipal welfare. I think you have already had admiration, if you 
have not expressed it, for our excellent system of traffic regula- 
tion. Detroit is, perhaps, as you doubtless know, the most con- 
gested automobile city in the United States, being the home of 
the automobile, and I am sure that we have solved the problem, 
the municipal problem, which is one of many, of an adequate and 
efficient traffic regulation. 


To digress I want to say that the Society of which you are rep- 
resentatives has, of my own personal knowledge, within its mem- 
bership one man who must be very capable and very efficient, 
because the Mayor of the City of Detroit has seen fit to appoint 


him to the Building Commission of this city—a very important 
Commission. Mr. W. F. McDonald, who, I understand, is a mov- 
ing spirit in the local Chapter of this organization, has brought 
to the Building Commission of Detroit, which it has been one 
of my pleasant duties to advise, his expert knowledge of venti- 
lating and heating, filling a long-felt want, and he has been en- 
gaged, of my own knowledge, in an earnest and sincere effort to 
so revise and so amend the Building Code of this city as to 
standardize it and make it scientific and efficient, not only so 
far as the heating and ventilation of our public buildings are 
concerned, but in all other respects. If we had more men on the 
honorable boards of the city of Detroit—men who serve without 
any remuneration whatsoever, men who oftentimes the average 
citizen does not know to be giving their time, men that are capa- 
ble of earning big incomes, men like Mr. McDonald, who is an 
efficient and capable man, giving hours of his time free to the 
City of Detroit—I want to say, that if we had more men like 
that, the city would have a better government. 

I desire to express to you the sincere regrets of his honor, 
Mayor Marx, for his inability to be here. He is out 
at Mt. Clemens this morning. But to you, gentlemen, 
we extend a sincere welcome. We know that you delegates, 
ladies and the others who have come with you, will appreciate 
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Detroit and we know you will go away from our fair city saying 
that you made no mistake when you brought your convention to 
the city wherein is located the youngest, and, as I understand, one 
of the most progressive and rapidly growing Chapters of your 
organization. 

PresipeNnt Hart: In behalf of THe AMERICAN Society oF HEatT- 
ING AND VENTILATING ENGINEERS, I wish to thank our kind De- 
troiters through their Mayor for this hearty welcome. I am sure that 
all of those who are not fortunate enough to live in Detroit are 
very glad of this opportunity to visit this wonderful city, which 
has been so persistent, and successful, in claiming a place among 
the great industrial cities of this country. 

This is the 22nd Semi-Annual meeting of this Society _and bids 
fair to be one which we will not soon forget. I would like to 
say a few words about our development in the past and possi- 
bilities and hopes of the future. The Society was organized in 
the year 1891 with 75 charter. members. 

The first local Chapter to be formed was in Illinois in 1906 
with 17 charter members. In 1911 the New York Chapter was 
formed with 64 charter members. In the year 1912 the Massa- 
chusetts Chapter was formed with 15 charter members. This 
year, the Eastern Pennsylvania, Ohio and Michigan Chapters 
have been formed. 

The present membership of the parent body is now 705. There 
has been a noteworthy impulse of new members during the last 
three years. In 1914, we enrolled 69 new members; in 1915, 110 
new members, and so far this year we have enrolled 109. 

One of the most gratifying steps the Society has taken in re- 
cent years was the appointment of a permanent salaried secre- 
tary to devote all of his time to the Society work. This, of 
course, resulted in quite a heavy financial burden on the Society, 
but owing to the large increase in new members, we have been 
able to meet this additional expense. However, in my opinion, 
it is not a good policy to depend on such an unknown quantity 
as probable initiation fees to meet current expenses. It seems 
to me that the thing to do is to build up the membership to a 
point where the dues will offset the current expense and then 
start a sinking fund with the initiation fees to be used for research 
work. 

The income from dues only at present amounts to $6,800 ap- 
proximately, against an operating expense of approximately 
$9,700. This means that by adding 300 new members to the 
Society, these results could be obtained. Another way to accom- 
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plish the result would be to raise the annual dues, but notwith- 
standing the fact that the dues of this Society are lower than 
any similar society of equal standing, I would regret the neces- 
sity of increasing them; so let us all endeavor to bring our mem- 
bership up to where it belongs. 

Our Detroit members have given us a shining example of what 
can be accomplished and I wish to take this opportunity to con- 
gratulate them on being able to start their local Chapter with 52 
charter members, 39 of which are new members in the parent 
body. 

I think the establishment of local Chapters in the different cities 
should be encouraged, as it will afford the members a better 
opportunity to take an active part in the Society’s work and will 
also assist in building up the membership of the parent body. It 
also enables the parent body to keep in closer touch with its mem- 
bers and their work locally. 

We should have, at least, twelve to fifteen local Chapters, and 
each Chapter should be required to produce, at least, one paper 
at each meeting of the parent body. This could easily be ac- 
complished by a little effort on the part of the members. A step 
in this direction, which, I think, would be of great assistance in 
this building up work would be the appointment of a local secre- 
tary to be the official representative of the Society in each city 
where no local chapter exists at present. Secretary Obert has 
already felt the need of these local secretaries. I am sure that 
these appointments would eventually result in local Chapters. 

One other recent step of the Society which I wish to mention, 
is the publishing of a quarterly Journal, and I wish to take this 


opportunity to congratulate our Publication Committee on the 


success of this step. I am sure the Journal is fulfilling a long-felt 
want and I look forward to its soon becoming a monthly pub- 
lication. We all owe our Publication Committee every support 
we can give both in articles for publication and in advertising. 
While we do not care to make a big feature of the advertising, 
still we should have enough to pay the expense of issuing the 
Journal. 

Let us all get inoculated with a little of this Detroit “push” and 
I am sure we will get resu!ts far beyond our expectations. 

PresipENT Hart: We have with us an Honorary Member, who 
is an old resident of Detroit, and one whom you all have heard of, 
probably have read his publications and know who he is, but I 
do not suppose that many of the people in Detroit have had the 
pleasure of meeting him personally. I want to introduce Profes- 
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sor Baldwin and I would like to have him say a few words to 
his old neighbors of Detroit. 


Wittiam J. Batpwin: I had no idea that your president in- 
tended to call on me, but perhaps when I tell you what I have been 
doing this morning, it will be nearly as good as making a speech. 

The Moffat Block on Griswold Street was the first office building 
of any moment built in Detroit. It was built in 1870 and it fell to 
my lot to be the Engineer of it. I put the plant in it, embracing two 
70 h.p. boilers, and about 6,000 sq. ft. of heating surface, two steam 
passenger elevators and one steam freight elevator. This building 
and the City Hall were the first two modern heating plants in 
Detroit. 

I found the old elevators I put in, in 1870, still in commission 
and I had the pleasure of riding in them this morning. The pas- 
senger cars were the same, but they had changed the motive power 
from Otis steam engines to hydraulic. The old freight and safe 
elevator is running yet, with the old Otis steam engine in fairly 
good condition after 45 years of use. The present engineer says 
it would stand a little “fixing up.” 

The wonderful things Detroit has done since my time have sur- 
prised me. I was here for a few minutes since 1877, but no 
apparent changes of moment had taken place. The depot was at 
the same old place on the River, just where it was when they trans- 
ferred passengers by boat, from train to train. But coming in this 
morning I was absolutely bewildered at the wonderful change and 
the wonderful growth, and I may say that though I went to a 
city that is pretty big (New York), I am sorry I did not stay in 
the “City of Straits.” I think I would have been commercially 
better off if I had done so, considering the wonderful way the city 
has developed. 

I want to express my appreciation of one thing in Detroit if 
nothing else, and that is the way they have of painting the ‘‘safety- 
zones”’ in the streets white, to keep people from being run over. I 
think they have done a wonderful thing here. We have a few 
streaks of whitewash in New York here and there to indicate where 
the cars are likely to stop (?), but nothing like the system you have 
here in Detroit. A person in Detroit can cross the streets with a 
maximum of safety and a woman can pause in the safety-zone 
when boarding a car, with more assurance than any other city in 
the world, I believe. 

The time I spoke of (1870-77) I remained here seven years. To 
some of the older inhabitants, I will say that I was superintendent 
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of the Novelty Works of Detroit, which was just over the then 
City line, Hamtramck, north of Mt. Elliot Avenue, and the first 
radiators built in Michigan were built there. They were built under 
patents of a man named Walter Thompson. Mr. J. B. Dyer, who 
had a shop at the lower end of Woodward Avenue, was the next 
man that associated himself with the radiator business, and the 
first man to make cast iron radiators in Detroit. 


I am not far wrong in the history of this subject and I feel I 
am right in saying that Mr. J. B. Dyer was the inceptor of the 
“Detroit Radiator,” a cast iron radiator, put together with rubber 
washers at the top, when used for hot water. I have some of them 
in my house in Brooklyn to-day and they have never had to be 
repacked; the original washers are in place. I consider Detroit 
the parent city of cast iron radiators. I know that radiators of 
cast iron were made before, but not those that have survived, or 
of the pattern we now find all over the world. The general type 
made by the American Radiator Company and other American 
makers was first made in Detroit. 

I don’t think I should take the time now to say more about 
Detroit, but I am anxious to say that I knew Detroit first in 1866. 
I viewed it from the opposite side of the River. Our Civil War 
was just over and I took a job under the Great Western Ry. of 
Canada. I was a young naval architect then and was employed 
on the construction of the “Great Western”—one of the first, if not 
the first, iron ships, built on the Great Lakes—just above Walker- 
ville, on the site of Ford’s automobile factory at Ford City, Ontario. 
This was the first ferryboat to carry the Great Western railway 
trains across the Detroit River. Before that time passengers were 
transhipped on the old “Union,” a wooden boat somewhat like the 


present ferryboats, but larger, that run between Detroit and Wind- 
sor and on which we had time to get our meals while crossing the 


river. 

This old steam ferryboat, the “Great Western,” was the first 
boat to carry a train of cars across the river and she is in com- 
mission to-day. Why would I not be fond of Detroit—the beauti- 
ful City of “The Straits” (De’troit). 


THe Prestipent: The first in order of business is the announce- 
ment of a quorum (15 members). It is quite evident that we have 
a quorum so that we can proceed with the next in order of busi- 
ness—the annual reports of the Local Chapters. The first is the 
report of the Illinois Chapter. Is there anyone here prepared to 
read the report? 
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The report was read by the Secretary as published in the July 
issue of the Journal (see page 429 of this Volume). 


Tue Presipent: The next will be the report of the Massa- 
chusetts Chapter. The report was read by the Secretary as pub- 
lished in the July issue of the Journal (see page 431 of this Volume) 


Tue Presipent: The next will be the report of the Michigan 
Chapter by Mr. William F. McDonald. 


WittrAm F. McDonarp: Detroit has for many years been 
known as the home of a few members of the Society, but last Fall 
it was decided that the opportunity was ripe for forming a Michigan 
Chapter. Nothing was done, however, until along in the month 
of February when, after Mr. McNair became a member, we par- 
took of his hospitality at one of our clubs and then ‘and there 
formed the Michigan Chapter and signed the application to the 
Council. We gave everybody an office and started out to get new 
members. We were rather successful in this, and, as a matter of 
fact, we have not taken all of the applications which have been 
offered to us. We did not feel exactly like crowding any of the 
larger Chapters just for the present and consequently thought we 
would limit our membership up to July 1st to something in the 
neighborhood of sixty. We overstepped ourselves, however, and 
have sixty-two. We have about ten or twelve applications for mem- 
bership on hand and with fifteen or twenty more, it looks as if we 
will start the opening of the season in October with a member- 
ship of something like seventy-five. During the coming year we 
will most likely reach the hundred mark and in reaching the hun- 
dred mark, it is not with any desire of beating any other Chapter. 
It is simply a condition which exists here in Detroit, the oppor- 
tunity of engineers assembling and forming a Chapter and doing 
each other a lot of good is at hand, and we are taking advantage 
of it. In doing our own members a lot of good we feel that we 
ought not be selfish and forget the Society at large, and I think we 
will eventually in this next year help the Society by making the 
Michigan Chapter a real live member. 

The report of the Michigan Chapter was then read by Mr. 
McDonald as published in the July issue of the Journal (see page 
132 of this Volume). 


Tue Prestpent: I think that we can all be proud of the start 
that the Michigan Chapter has made. I hope it will be an inspira- 
tion to not only other new Chapters but to the old Chapters as well. 

We have next to hear the report of the New York Chapter. Is 
there any one here to read the report of the New York Chapter? 
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The report was read by Frank K. Chew of the New York Chapter, 
as published in the July issue of the Journal (see page 433 of this 
Volume). 

Tue Presipent: The next is the report of the Ohio Chapter. 
Secretary Phegley of the Ohio Chapter is here and I would like to 
have him read the report. 

The report was read by Mr. Phegley as published in the July 
issue of the Journal (see page 435 of this Volume). 


Tne Presipent: The next is the report of the Eastern Penn- 
sylvania Chapter. Is President John D. Cassell of Philadelphia 
Chapter present? 

The report was read by President John D. Cassell, as published 
in the July issue of the Journal (see page 437 of this Volume). 


Tue Presipent: We have heard the reports from all of the 
six Chapters and we will now hear the reports from special com- 
mittees. The first is a report of a Committee appointed to attend 
the Conference on Engineering Co-operation which was held in 
Chicago April 13th and 14th, 1916. Mr. John F. Hale who is 
Chairman of the Committee, will present the report. 


REPORT OF COMMITTEE ON ENGINEERING 
CO-OPERATION 


Your Committee, appointed by the President in March, 1916, to 
represent the AMERICAN SocteTy OF HEATING AND VENTILATING 
ENGINEERS in a Conference on Engineering Co-operation held in 
Chicago April 13-14, 1916, was in attendance at all of the sessions 
of the Conference, held in the assembly hall of the Western Society 
of Engineers and took part in the discussion, which resulted in a 
resolution, the wording of which is given herein. At the request 
of President Hart, the chairman of the committee submitted a 
brief statement to the Conference, giving the members a gen- 
eral idea of the objects and activities of our Society, which was 
as follows: 

“The AMERICAN SOCIETY OF HEATING AND VENTILATING 
ENGINEERS was organized in 1895, and has developed since that 
time into a society of over fivé hundred members, including 
professional heating and ventilating engineers, and repre- 
sentatives of such manufacturers as handle goods which re- 
quire an engineering knowledge to insure the proper installa- 
tion of their product. 
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“The object of the Society is the promotion of the arts and 
sciences ‘connected with Heating and Ventilation in all 
branches, the maintenance of a high professional standard 
among its members, the reading, discussion and publication 
of professional papers which are calculated to advance the 
science of Heating and Ventilation—and the interchange of 
experience among its members. 

“Two meetings are held each year, the annual business and 
professional meeting taking place in January, at the head- 
quarters, located in the Engineering Societies Building, New 
York City, and a mid-year professional meeting usually tak- 
ing place in July, in such city as may be selected by the 
Council. 


“In such cities as the local membership will warrant, local 
Chapters have been organized, and at the present time these 


include: 
Illinois Chapter, Chicago, Ill. 
Massachusetts Chapter, Boston, Mass. 
Michigan Chapter, Detroit, Mich. 
New York Chapter, New York, N. Y. 
Ohio Chapter, Cleveland, Ohio. 
Eastern Pennsylvania Chapter, Philadelphia, Pa. 

“Each Chapter holds monthly meetings from October to 
May, each inclusive, and the papers read and discussions thereon 
are reported upon at each summer meeting of the parent 
body. 

“Papers read at the Chapter meetings must be referred to 
the Publication Committee of the Society and must be ap- 
proved of by them before they may be published in the trade 
press or otherwise. Papers relating to the general subject 
of heating and ventilation may be prepared by any member of 
the Society, but cannot be presented to the Society without 
first having passed through the hands of the Publication 
Committee and approved of by them. The Publication Com- 
mittee consists of three members of the Council, which to- 
gether with all officers are elected by the members. 

“In order to advise the members of the Society of papers 
to be read at a proposed meeting, such papers as have been 
approved of, are published in the quarterly Journal, a copy 
of which is sent to each member as published. This advance 
information enables the members to familiarize themselves 
with the subjects and be prepared to discuss the papers either 
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in person at this meeting, or by written discussion sent in 
in advance. ; 

“The nature of the papers which have been discussed dur- 
ing the meetings of the past twenty-one years, cover practi- 
cally every phase of the heating and ventilating art, not only 
the principles of design but standard requirements, the appli- 
cation of special appliances and devices. 

“Great care is exercised in the restriction of papers and 
discussion which would tend to advertise or imply approval 
of any patented methods or construction, the attempt being 
to keep the standard of the Society as nearly professional as 
possible. 

“Committees have been appointed from time to time and 
reports have been received with recommendations as to 
standards which the Society could establish, and a great 
deal of work has been done toward the establishment of a 
code for the proper ventilating of public and semi-public 
buildings. 

“Our Society has co-operated with the Ventilation Com- 
missions in Chicago and New York, and has worked with the 
Chicago Ventilation Department in the development of the 
code now in effect. 

“The proceedings of each meeting, including papers read 
and discussed, together with all reports approved by the 
council or the members in session, are put into permanent 
bound volumes, a copy of which is furnished each member. 
Copies of these may also be found in the libraries of other 
engineering societies, and many engineering colleges. 

“Co-operation between local chapters of the various socie- 
ties represented at this meeting would undoubtedly be mu- 
tually beneficial, and national committees made up of mem- 
bers representing the various societies for the purpose of 
standardizing methods is recommended. 








5S CE DS AS SN NOE 


April 10, 1916. 


The Conference on Engineering Co-operation was attended by 
representatives of forty-two national, state and local engineering 
and technical societies from all parts of the United States. The 
purpose of the Conference was to bring about a closer relation 
among engineers and engineering organizations, to discuss ways 
to improve standards of engineering practice and to gain a clearer 
recognition of the engineer as a civic asset. Mr. F. H. Newell, 
professor of civil engineering of the University of Illinois, was 
chairman and C. E. Drayer, secretary of the Cleveland Engi- 
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neering Society, was secretary of the Committee on Engineering 
Co-operation, which had the meeting in charge. 


The program occupying two days, April 13th and 14th, con- 
sisted of the presentation of papers and addresses by delegates 
from the various societies represented. The subjects discussed 
were practicability and limits of co-operation, employment, ethics 
and legislation. Co-operation from the standpoint of the state 
society was presented by Paul Hansen, president of the Illinois 
Society of Engineers, and by Clyde T. Morris, President of the 
Ohio Engineering Society; from the standpoint of the national 
societies by P. Junkersfeld, of the American Institute of Electri- 
cal Engineers, Horace C. Gardner, of the American Society of 
Mechanical Engineers, DeWitt V. Moore, of the American So- 
ciety of Engineering Contractors, John F. Hale, Past President 
of the AMERICAN Soctety OF HEATING AND VENTILATING ENGI- 
NEERS, C. H. McDowell of the American Institute of Mining Engi- 
neers, and John Howe Peyton, of the Engineering Association of the 
South ; from the standpoint of the local society by Ferd G. Gasche, 
of the Engineers Society of Western Pennsylvania, A. J. Himes, 
of the Cleveland Engineering Society, H. L. Keck, of the Day- 
ton Engineers Club, and Lewis R. Ferguson, of the Engineers 
Club of Philadelphia. Short addresses were made by Isham 
Randolph, Onward Bates, John W. Alvord, and E. T. Perkins. 

Employment was the subject of a paper by Arthur Kneisel, 
secretary of the American Association of Engineers. A. W. 
Hotimann, of the Associated Technical Men, gave a paper, heard 
with marked interest, descriptive of engineering societies and 
their activities in Germany. 

Legislation, with particular reference to recent experiences in 
Illinois, was discussed in a paper by H. J. Burt, of the Structural 
Engineers Society of Illinois. Delegates to the conference were 
entertained by the Chicago Engineers Club and at a complimen- 
tary luncheon at the Hotel Kaiserhoff, by Sub-division 63, Engi- 
neers of the Chicago Association of Commerce. 

Other speakers told of the activities of the different engineer- 
ing societies throughout the United States. This information con- 
tributed materially to an understanding of the problems before 
the conference. 

The attached resolutions were unanimously adopted, which, it 
was suggested, should be published with “Spirit of the Con- 
ference,” by Isham Randolph, preceding them. 
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SPIRIT OF THE CONFERENCE 


“Let us have a central organization—call it what you 
will—which has no authority to command, but which 
has ears to hear and the voice to be heard, and let those 
ears be open to every plea or promise of common good, 
and let that voice go out to all affiliated bodies carry- 
ing this plea or this promise for the common good, and 
let us come together at least once a year and feel that 
‘touch of nature that makes the whole world kin,’ and 
growing out of that kinship let us consider and do those 
helpful things which will bless our comrades and over- 
flow with helpfulness to our country and our kind.” 


By IsHam RANDOLPH 


RESOLUTIONS 


Wuereas, the rapid increase in engineering activity of recent 
years has given rise to many problems vitally affecting the practice 
of engineering, and 

WHEREAS, existing agencies through lack of proper correla- 
tion appear inadequate for the solution of these problems, and in 
order that the resources of the profession may be made available 
for the most useful service to the nation, state and municipality, 
and that the practice of engineering may be rendered more effi- 
cient and less burdensome in those places where its development 
has been most difficult, and 

WHEREAS, it is the sense of the Second Conference on En- 
gineering Co-operation representing societies, national, state and 
local, and comprising various branches of engineering, that these 
ends may be attained throughout a closer association and co- 
operation of engineering societies, 

3e IT Resotvep: That there is hereby established a_ sub- 
committee with Mr. F. H. Newell as chairman and four other 
members to be selected by him, with instructions to prepare a plan 
for forwarding co-operation among engineering societies upon 
matters of general interest to the engineering profession, such 
plan to be presented for formal consideration at a third confer- 
ence on Engineering Co-operation to be called by the sub-com- 
mittee at such time and place as may seem to it desirable; 

32 31T Furtuer Resorvep: That the several organizations 
represented at this conference should be permitted to assist 
in defraying the expenses of the Committee on Engineering Co- 
operation and that the sub-committee should be requested to 
present to each of the societies represented an estimate of proba- 
ble expenditures including clerical service, together with recom- 


mendations for equitable pro-rating ; 
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Be it FurTHER Resotvep: That this conference express, 
its high sense of appreciation for the courtesies and_hospi- 
tality extended by the Western Society of Engineers, Sub-Di- 
vision 63 of the Chicago Association of Commerce and the Chi- 
cago Engineers’ Club, and hearty thanks therefor are hereby ex- 
pressed. 
COMMITTEE ON RESOLUTIONS, 

Paut Hansen, Chairman. 
Joun Howe Peyton, 
Apert J. HIMEs. 


Resolutions unanimously adopted April 14, 1916, by Second 
Annual Conference of Committee on Engineering Co-operation. 
C. E. Drayer, Secretary. 


We have been in touch with F. H. Newell, Chairman of the 
Co-operative Engineering Sub-Committee since the meeting in 
April and he informs us in a recent communication that they 
cannot yet give us a report of their work nor can your committee 
at this time advise the Society as to the financial assistance which 
they may expect. 

We recommend that the AMERICAN Society oF HEATING AND 
VENTILATING ENGINEERS secure permanent membership in this En- 


gineering Co-operation organization and that reasonable finan- 


cial assistance be given. 
Respectfully submitted, 
Joun F. Hate, Chairman. 
SAMUEL R. Lewis, 
Dr. E. V. Hit. 


Tue Present: This report requires some action by this body. 
As near as I understand, it is the desire of this Co-operative Engi- 
neering body to have the membership comprised of representatives 
of various engineering organizations and it would become necessary 
for this Society to vote to join with them and for the Chairman 
to appoint a committee to attend their meetings. A motion will be 
considered. 

Frank K. Cnew: IT move that it is the sense of this meeting 
that the recommendations of the Committee be referred to the 
Council, for favorable consideration. I think that is as far as we 
can go. 

Joun F. Hate: I second that motion. That is a very good idea. 


Witiram G. Batpwin: That will leave no option except favor- 
able consideration. Why not strike out the word “favorable”? 
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Frank K. Cuew: If we do not. put the word “favorable” in 
there, how will this Council know what we have done? We have 
not expressed ourselves here that we are favorable to the thing. 
The Council has the power to do whatever it thinks is best. 


WitiiAm G. Batpwin: At the same time their report must be 
favorable, if we are in favor of it. Mr. Hale, have you any idea 
what the expense would be—one hundred dollars? 


Joun F. Hare: I have not the slightest idea and the Commit- 
tee could not give me an idea. I tried to learn on two occasions,; 
they said they had met, but had not been able to get together. 

The point is that it is not a question of paying the expense that 
they have already gone to, but the expense that they may be put to 
in developing this thought. Their idea was somewhat exaggerated, 
I thought, at the time, as they had a feeling that they wanted to 
publish a journal for the purpose of getting all the benefits for all 
of the engineering organizations that were possible; to get the 
members thinking along the right lines and to have us thinking 
“engineering” instead of “heating engineering”; for us all to think 
of engineering as a profession and to talk “engineering” and not 
simply to talk our end of it; to place the profession on a higher 
plane so that the public will understand that when an engineering 
problem is to be put up to people professionally, it will be to people 
who understood the subject; that if they hire a professional engi- 
neer to do the work, that at the end that organization will back 
the subject up. 


FRANK K. Cuew: I get this conception of that organization 
that as far as possible they intend to card-index the engineers of 
the United States so that if one is doing civil engineering work and 
is better qualified for heating and ventilating engineering, his list 
of qualifications filed with the organization will enable them to rec- 
ommend him to something to which he is better qualified. 


Joun F. Hate: That is one of the thoughts purely incidental 
to the rule that is back of it, but the main thought is to enlarge 
the scope of the engineer. 


FrANK K. Cuew: In other words, the ethics of the engineer 
to-day has gone up but it is not advertised. 


FRANK K. Cuew: I will leave the motion as I made it, Mr. 
President. 
Joun F. Hare: That is the idea. 
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Tue Presipent: The motion is that the report be referred to 
the Council, with a request for favorable consideration. The mo- 
tion has been made and seconded; is there any further discussion 
before I put the question ? 

(There was no further discussion and the motion was carried.) 


THE PresipeNT: Next will be received the report of the Com- 
mittee on The Best Position for a Radiator in a Room, W. F. 
Verner, Chairman. Is Mr. Verner, or any other member of the 
Committee, present to read that report? If not it will be read by 
the Secretary. 

The report was read by the Secretary as published in the July 
issue of the Journal (see page 441 of this Volume). Following this, 
it was discussed by A \rmagnac, J. F. Hale, William J. Baldwin, 
J. A. Donnelly and H. M. Hart. A motion was then made and 
carried that the question be referred back to the Committee for 
further experimentation and report. 

The session then adjourned for luncheon. 


SECOND SESSION—-WEDNESDAY P. M., JULY 19, 1916 


THE PrEsIpDENT: The next in order is unfinished business. As 
there is no unfinished business, we will proceed to new business. 
Has anybody anything to offer under the heading of new business ? 


FRANK G. Puectey: There is one point that has come up to 
my mind. Mr. Chew told us this morning that the existence of the 
Society depended largely on the success of the Chapters and I 
believe that has been proven, due to the fact that since the Chapters 
have been organized there has been a large influx of membership 
to the Society, and it is through the Chapters’ efforts that these 
members have been brought into our fold. 

Now, if it is true that the Chapters are going to be the upholding 
feature of the Society, it appeals to me and to the Ohio Chapter, 
.that each Chapter should have some jurisdiction over a particular 
territory, and to secure an expression from the Council I wrote the 
Secretary calling attention to the fact that there were certain mem- 
bers of the Society in the city of Toledo who would prefer, due to 
the nearness of Toledo to Detroit (being one hour nearer by rail- 
road than Cleveland), to join the Michigan Chapter. They would 
probably get a great deal more benefit out of that affiliation, than 
to join the Ohio Chapter. But I felt that inasmuch as the Ohio 
Chapter, at Cleveland, had already some members in the city of 
Toledo, that the Council should give us some jurisdiction over some 
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allotted territory so that the other Chapters could not come in and 
take our material without our knowledge. 

I do not mean to say that the Ohio Chapter would stop the 
affiliation of any member in the state of Ohio with any other 
Chapter if that particular member felt that Chapter was a better 
affiliation for him, but we would like to know it and I think every 
Chapter would like to know what their material is and what they 
intend to do, so that they can get a chance to talk to them. 


It seems to be a vital question. We are trying to build up some- 
thing in Ohio. We admit that Detroit is superior to us in heating 
and ventilating engineering. It is due, perhaps, and I believe wholly 
so, to the nearness of Ann Arbor and particularly Prof. Allen. He 
turns out engineers there in the heating and ventilating line; they 
come to Detroit possibly first and follow the profession there. 


We have a school, the Case School of Applied Science, equally 
as good, from a mechanical engineering standpoint, perhaps, as 
Ann Arbor, but they do not follow the line of heating and ventilat- 
ing engineering. The Ohio Chapter is trying to interest Prof. 
Howe of the Case School of Applied Science, and just a few 
months ago I spent two hours with Prof. Howe advising him of 
the interest Prof. Allen has taken in this branch of the art and I 
believe he will try to follow Prof. Allen’s ideas in the Case School 
of Applied Science. 

The main point I want to bring before the Society is as follows: 
Is it not policy that each Chapter have jurisdiction over a certain 
territory ? 

When I wrote to the Secretary the matter was referred to the 
Council and they gave us a reply that the Chapter had jurisdiction 
over nothing. What is the use then of the Chapter spending its 
time trying to build up an organization when the Council can come 
back and throw our building over? 


There is another question in the mind of the Ohio Chapter and. 
that is the idea of the proposed corresponding secretaries. It seems 
from the explanation Mr. Obert gave me, that these secretaries 
will be appointed in different cities and will report back direct to 
the Council through the Secretary. It appeals to us that these cor- 
responding secretaries should be under the jurisdiction of the 
Chapter and the Chapter in turn report back to the Council, thereby 
giving the Chapter some legitimate status of its own. 


I want to get other Chapters thinking of the subject and perhaps 
they can express themselves as to what they think of it. 
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FrANK T. CHAPMAN: I would like to know what the Council’s 
report was. 
The letter was quoted as follows: 
July 15, 1916. 
Mr. F. G. Phegley, Secy., 
Ohio Chapter, A. S. H. & V. E. 
Cleveland, Ohio. 


Dear Sir:—Your letter relating to jurisdiction of Chapter 
organizations came before the Council of the Society on May 
24, 1916, and was referred to the Executive Committee for sug- 
gestion. The suggestion of the Executive Committee, as later 
approved by the Council is as follows: 

It is the sense of the Council that any member of the 
National Society is entirely privileged to apply for membership 
in any Chapter he may wish, in or out of his resident State 
and consequently the only method the local Chapter should have 
to induce associates to become members of the local branch, 
would be by persuasion. It is held that the method you suggest 
of applying jurisdiction privileges would tend to create friction 
and therefore be against the interest of the Society as a whole. 
Toledo being only one half the distance from Detroit that it is 
from Cleveland, members residing in Toledo might easily 
feel that they could more often be able to attend meetings in 
Detroit than in Cleveland and against this you would find a cer- 
tain feeling of loyalty to Ohio. There could be of course no 
objection to a resident Society member of Toledo becoming a 
member of both Detroit and Cleveland Chapters. 

Mr. Obert also states that on his recent visit to Cleveland, 
the question came up as to the possibility of there being more 
than one Chapter in a State and covering this point would 
say that the fact that the National Society grants a charter to 
a local Chapter in any State does not necessarily prevent 
another Chapter being formed in the same State, provided the 
forming of such other Chapter would advance the Society’s 
interests. A case at point might be New York City and Buffalo 
in the State of New York. There is of course the New York 
Chapter with headquarters in New York City, but this does 
not prevent a Chapter being formed in the City of Buffalo, 
provided there were found to be members enough and interest 
and demand enough to form such a Buffalo Chapter. 

Trusting you will find upon reviewing the situation that the 
above position is the only reasonable one which could be very 
well maintained and trusting that you will -be able to satisfac- 
torily overcome the objection on the part of some of the Ohio 
Chapter members, I am, 

Very truly yours, 


Chairman, Executive Committee. 
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Frank G. Puecitey: The reply in substance is that all these 
matters are to be handled directly by the Council and that the 
Chapter is to have no jurisdiction on territory or practically any- 
thing else; that we are just an organization of a few men to talk 
over heating problems and are not really a part of the Society. 


THE Presmpent: I think Mr. Phegley has the wrong idea. The 
Council’s attitude is that the Chapters are formed for the benefit of 
the members and it is the desire that the members join where they 
can get the most good. There is no use compelling a member to 
join a Chapter 500 miles away, because he happens to be in that 
state, when he can just as well join a Chapter 100 miles away, 
that is just across the border and there is some chance of him 
attending the meetings there and obtaining some good from asso- 
ciation with the Chapter. 

The letter is to the effect that before any member of one 
state was admitted to membership in another state, or a for- 
eign Chapter, the Chapter in his state should be notified and 
given an opportunity to talk to this member and if they could per- 
suade him that he would receive as much benefit from joining their 
Chapter as by joining the other one, why all well and good. But 
there is nothing in our Constitution or By-Laws which would com- 
pel or restrict any member joining a local Chapter or to confine 
himself to any particular district. As far as our By-Laws are con- 
cerned, a Chicago man could join the New York Chapter if he 
wants to. 

I do not see that the Council could have taken any other course, 
unless you want to change the By-Laws and establish a rule. If 
you want to change the By-Laws governing that point, you will 
have to follow the regular procedure for offering a change of 
By-Laws; the petition must be signed by at least three mem- 
bers and presented at a regular meeting. 

We were not trying to work a hardship on the Chapters, but 
were trying to avoid working a hardship on the members. It 
would not be any benefit to a Chapter to compel a member to join 
in one location where he did not want to join, because he would 
not attend the meetings. 


THE PRESIDENT: Next we will proceed with the reading of the 
papers and the first one on the program is: “Tests of Fractional 
Valves,” by James A. Donnelly. 

I might say, in explanation, that the Committee on Tests was 
requested to submit a report on fractional valves, but for various 
reasons the sub-committee did not seem to get together, and so 
Mr. Donnelly went ahead and wrote a paper on the subject, so 
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that something would be presented at this meeting for the purpose 
of bringing out discussion. This is something we are all interested 
in and there is nothing on the subject in our files. I do not know 
where there is anything on record which is authentic on fractional 
valves. 

The paper was read by the author, Mr. James A. Donnelly, as 
published in the July issue of the Journal (see page 453 of this 
Volume). It was discussed by John F. Hale, Wm. J. Baldwin, the 
Author, H. M. Hart, R. L. Gifford, and F. K. Chew. 


THE PRESIDENT: The question was asked in the Council whether 
a paper should be presented to this Society without the signature 
of the writer of the paper. The reason it was asked is this: Some 
members are, perhaps, very modest, and do not want their names 
to appear too often in the Society work; they do not want people 
to think that they are seeking too much prominence. Another thing 
is that some members are very well versed on certain subjects, 
which they could give us some very good data on, but they are 
so situated in their lines of business, that they do not feel free to 
come right out with an article over their signature and have it 
published broadcast. So we have said: “Yes, any member who 
wishes to produce a paper and sign it ‘By a Member,’ can submit 
it if he will give the Council his name, and it will be published if 
accepted.” The result was that we have two papers on this after- 
noon’s program signed “By a Member.” The first one is: Clean, 
Pure Air for our Cities, by a Member. 

The paper was read by the Secretary as published in the July 
issue of the Journal (see page 471 of this Volume). It was discussed 
by Wm. J. Baldwin, L. C. Soule, E. L. Hogan, J. R. Allen, and 
H. M. Hart. 

Tue PResIDENT: Next we will go on to the paper entitled : Com- 
mercial Drying Apparatus, by L. P. Dwyer. Mr. Dwyer is not a 
member of the Society, but has done considerable work in com- 
mercial drying, and at my request, has kindly consented to give 
us a paper on this subject. 

The paper was read by the Secretary as published in the July 


issue of the Journal (see page 479 of this Volume). It was dis- 
cussed by A. S. Armagnac, Fred R. Still, and H. M. Hart. 


Tne PRESIDENT: The next is a paper entitled: Heat Trans- 
mission Calculations, by a Member, who has taken advantage of the 
privilege. 

The paper was read by the Secretary, as published 

in the July issue of the Journal (see page 487 of 
this Volume. It was discussed by William J. Baldwin, 
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M. W. Ehrlich, Wm. F. Verner, Fred R. Still, H. M. Hart, A. S. 
Armagnac, and J. A. Donnelly. 

[ne Presment: The next paper is on the Ventilation of 
Garages, by C. W. Obert. 

The paper was read by the Author, as published in the July issue 
of the Journal (see page 499 of this Volume). It was discussed by 
Fred R. Still and H. M. Hart. 

The session then adjourned until the following morning, at the 
University of Michigan in Ann Arbor. 


THIRD SESSION—THURSDAY. JULY 20, 1916 


(Held in Engineering Building, University of Michigan, 
Ann Arbor) 

Tue Presipent: The first paper this morning will be that on 
Heat Transmission through Building Materials, by Prof. J. R. 
Allen. 

The paper was read by the Author, as published in the July issue 
of the Journal (see page 507 of this Volume). It was discussed by 
H. M. Hart, M. W. Franklin, J. J. Blackmore, E. A. May, J. A. 


Donnelly, F. W. Johnson, C. A. Blaney, A. S. Armagnac, Wm. J. 
Baldwin, W. F. Werner, Thos. R. Wooley, F. H. Valentine and the 
Author. 


Tue Presiwent: We will pass on to the next paper, which is 
entitled: Notes on the Testing of Warm Air Furnaces, by R. W. 
Davenport. 

The paper was read by the Author, as published in the July issue 
of the Journal (see page 527 of this Volume). It was discussed by 
Prof. J. R. Allen, W. F. Verner, the Author and Frank K. Chew. 

(After this, the session adjourned for luncheon in the Gym- 
nasium, the organ recital in the Hill Auditorium and the visit to 
the new University power plant and heating tunnels, resuming at 
2.30 P. M.) 


Tue PrestpeNt: We have only one paper this afternoon but 
I am sure it is an exceedingly interesting one. It is entitled: 
Co-efficient of Friction of Air Flowing in Round Galvanized Iron 
Ducts, by Prof. J. E. Emswiler. 

The paper was read by the Author, as published in the July issue 
of the Journal (see page 537 of this Volume). It was discussed by 
J. R. McColl, J. R. Allen, W. F. Verner, J. J. Blackmore, H. M. 
Hart, and the Author. 

After this, the meeting adjourned until Friday morning in the 
Convention hall at headquarters in Detroit. 
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FOURTH SESSION—FRIDAY, A. M., JULY 21, 1916 

Tue Preswent: The first paper on this morning’s program is 
that on: Engineering and Cost Data relative to the Installation of 
S.zam Distributing Systems in a Large City, by F. H. Valentine. 

The paper was read by the Author, as published in the April and 
July issues of the Journal (see page 547 of this Volume). It was 
discussed by R. S. Mayer, H. M. Hart, W. F. Verner, and the 
Author. 

Tue PresipeNtT: We will now proceed to the next paper on the 
program entitled: Heating a Conservatory and Greenhouse, by 
Prof. J. D. Hoffman. 

The paper was read by the Secretary, as published in the July 
issue of the Journal (see page 565 of this Volume). It was dis- 
cussed by J. J. Blackmore, E. A. May, H. M. Hart, and Frank K. 
Chew. 

THe PrestpeNtT: The last paper on the program is: The Effect 
of the A. S. M. E. Boiler Code on Heating Boilers, by C. W. Obert. 

The paper was read by the Author, as published in the April 
issue of the Journal (see page 573 of this Volume). It was discussed 


by J. D. Cassell, E. A. May, John C. McCabe, H. M. Hart, E. F. 
Glore, J. J. Blackmore, and the Author. 


Tue Prestpent: There is one good old faithful member that 
we have missed at this meeting, and I find that he has sent a message 
regretting his inability to attend on account of illness, and extending 
a hearty greeting to all. That is Mr. Jim Davis, of the American 
Radiator Company, whom most of us know, and I am sure that 
we all miss not seeing him amongst us. 

We also have two telegrams from members who are unable to 


be present : 
New York, July 19, 1916. 
President American Society of Heating and Ventilating Engineers, 
Hotel Statler, Detroit, Mich. r 

Regretting my inability to be present at the summer meeting, I 
beg to extend to you and all members present my sincere wishes 
for a successful and pleasant convention. 

REGINALD PELHAM BOo Ton. 


Knoxville, Tenn., July 19, 1916. 
Secretary American Society of Heating and Ventilating Engineers, 
Hotel Statler, Detroit, Mich. 

_ Southern floods prevented my being with you at the conven- 
tion. Regret I cannot add my help towards the good work you 
are privileged to do at your summer meeting. Here is hoping 
that you have a profitable meeting and enjoyable time. I con- 
gratulate the committees for their elaborate arrangements. 

THEODORE WEINSHANK. 
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Tue Presipent: The regular order of business of this meeting 
is now finished. If any one has anything to offer for the good of 
the Society, we would be pleased to consider it. I want to offer one 
suggestion. We are now publishing a quarterly Journal, which I 
think is a credit to the Society. The Publication Committee has 
worked very -hard on this Journal and they are entitled to the 
hearty co-operation and support of all the members. We cannot 
expect a Committee to work without pay and devote their time to 
publishing a Journal for our benefit—they must have some support. 
Our ambition is to see this a monthly Journal and that is going to 
inflict additional hardships and work on this Committee. I would 
like to see the individual members display interest in this Journal, 
display an active interest by giving the committee material to publish 
articles that would be of interest to the members; and if they can 
help out in the advertising end at all, that would be appreciated 
also; there is considerable expense involved in connection with pub- 
lishing this Journal, and we would like to make it self-supporting, 
if we can. 

But we would like to have a little more material from the mem- 
bers. We want them to be interested in this Journal, and when 


they have something that would be of interest to the members, send 
it down to the Publication Committee. Let the Society get the 
benefit of it, and I am sure you will receive due credit for anything 
that you give along that line. If you are so situated that you 
might lose your job if you criticize something that your office is 
doing, we will accept the paper and publish it as if issued—“By a 
Member.” 


W. F. Verner: Is it within the power of the Publication Com- 
mittee to change the title of any of the papers after the papers are 
presented? We sometimes find that what is contained in the paper 
is not very well covered by the title. I have found in my own ex- 
perience, in looking through an index, references to certain items 
and when I would refer to the articles, I would not find what I 
wanted. The titles have sometimes been very misleading. For an 
example would be this case where we have the subject: Clean, 
Pure Air for our Cities. That paper deals primarily with a method 
of removing cinders and I think it should have a different title, 
so that a person investigating pure air for cities would not have 
to go all through that article and then perhaps find that it was not 
what he was looking for. 

Would it not be possible for the Committee to look through the 
Journal and make up a good index of what we have, and get that 
out as a supplement, say, at the end of the year? 
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THe PresipENT: The subject of an index is one that has been 
considered by the Council and Secretary Obert tells me that it is 
practically finished. 

The question of titles that you bring up, is a very good point. 
We will ask the Publication Committee to give the subject careful 
consideration, to remember that it is going to be indexed, and if 
they think that they could improve on the title of the paper, I 
think it would be well for them first to communicate with the author 
of the paper and get his consent. 


Frank K. Cuew: Asa matter of fact in the past, the editor of 
the proceedings has taken that liberty for the benefit of the Society. 
That is what the paper is for, and when it adds to the benefit of 
the Society to change the title to say what it really covers, the 
editor has in former times, without consulting the board of gov- 
ernors, or anybody except the author, out of deference and decency, 
changed the title. That is a matter of record. 


E. A. May: I do not think the proceedings would be quite com- 
plete without a rising vote of thanks to the members of Michigan 
Chapter and the members of the Entertainment Committee of this 
Chapter, who have so cheerfully given their time and attention to 
making this the most enjoyable meeting that I have had the pleas- 
ure of attending. I therefore move you that a rising vote of thanks 
be tendered the Michigan Chapter of THe AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS. 


Frank K. Cuew: I want to second that motion, but I want to 
go a little bit further. I think what the Michigan Chapter has 
done in the short time it has been in existence, is really an incentive 
for the whole Society. Rather, it is something more than an 
incentive—it seems to me that it lays down a duty and an obliga- 
tion for us others to get as busy as they have been here. Detroit 
is not the only town that has got a good many engineers in it that 
should meet together for the common good, not only for the local 
men, but for the whole Society. So we find in the delightful hos- 
pitality which is so gracious that you enjoy it without knowing that 
you are getting something that you never had before at a summer 
meeting, we find here an example of what can be done, and it is 
something for every member of the Society to be proud of. 

This meeting here has been better as the result of the systematic 
and careful manner in which they have thought about what they 
are going to do for some time. I want to say that what has been 
done here is a lesson for the New York Chapter which has had 
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the pleasure and the honor, as well as the considerable responsi- 
bility, of entertaining the Society at the Annual Meetings. I 
stand here converted from the idea that a man comes to the Annual 
Meeting with the idea of getting technical information only. I have 
learned here that the outside convention and outside information 
is quite as important, if not more important, than what you get 
here on the floor. It enables men to meet together and there is 


a splendid social spirit that has been manifested here which enables 


men to get from each other what they won’t get on the floor. Many 
men are not of the kind that exchange ideas on the floor of the 
convention, but at this meeting these men have been together, they 
have talked together in the cars and they have never talked as 
freely as they have at this meeting, due to the atmosphere created 
by the Michigan Chapter. ; 

Now, we won’t get all.that they have given us, if we don’t take 
home with us that same spirit. I want to say as Vice-President 
of the New York Chapter, that I feel this a little more severely 
by reason of the fact that I reported for the New York Chapter 
that our Chapter does not get together and work as this crowd 
does. They say a new broom sweeps clean; it does sweep clean in 
proportion to the quality of the broom. I take off my hat to the 
quality of the broom used by the Michigan Chapter. 


Tue Prestpent: I wish to thank Mr. May for offering this 
suggestion and Mr. Chew for helping me out in expressing the 
personal feelings of all the visitors at this convention. There is 
very little that remains to be said, but before putting the motion, 
I want to add a few words for the benefit of the members who 
are going to profit by the example set by the Michigan Chapter. 
Some of us may feel that in offering membership in this Society 
as a possibility to some of their acquaintances, that their acquaint- 
ances may come back and say: “Well, what great work has this 
Society been doing? I do not see that they have done very much, 
although they are holding meetings all the time.” 

Sometimes I have been stumped myself to give an immediate 
reply, because I have had the experience that has been given on 
the floor, that when I want to get hold of some tangible result of 
the work in our records it has been rather hard to find. But, 
good work has been done by this Society, and better work can be 
done, and we want more material and good material. My argu- 
ment is this: That we want these good men to come in here, not 
to criticize the Society, but to work and help us work. There is 
work that has to be done and we need all the help that we can get. 
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These members are not invited to come into the Society for what. 
they are going to get out of it, but they are invited to come into 
the Society for what the Society is going to get out of it, and if 
it is put up in that way I believe you will get good results. 

(The motion for the vote of thanks was carried, and the members 
and guests present responded unanimously to the call for a rising 
vote. ) 


Frank K. Cuew: Referring to what the Society has accom- 
plished, I want to say that at the tenth anniversary meeting, Past 
President Stewart was given the task of telling what had been 
achieved by the Society in the first decade of its existence. I can- 
not remember all that he said, although I was delighted and sur- 
prised at the time at the progress that had been made in bringing 
this from a small organization in Philadelphia down to what it is 
now. I think he said at that meeting that at the time that the 
Society was brought into existence, the method of computing radia- 
tion was largely 1-40th or 1-50th, and that the Society had brought 
about means of determining the actual amount of radiation required 
in a much more scientific way. There is no question about this, 
and I am safe in saying that the early work of this Society in the 
first five years, was the means of perfecting fan construction. 
Another thing is that where manufacturers in the past didn’t give 
out what they call their “inside data,” it is now made accessible. 

So far as this Boiler Code Committee is concerned, our Society 
has done good work. We have a capable Code Committee where 
the brains of the boiler making business was reflected; that com- 
mittee was heard very carefully and great deference was paid to 
it. The Society has also established an altruistic feeling towards 
the men in the field in respect of the labor element. 


J. J. Brackmore: The altruistic feature of belonging to this 
Society is not considered nearly as much it should be. Don’t you 
know that in giving up something for the general good you will 
get more real satisfaction than you would in making dollars? The 
fact that you have contributed something to help along the field 
of Heating and Ventilating Engineering will be a lasting source 
of satisfaction to any one who accomplishes anything good. 

As regards the necessity for a larger membership, the industry 
has grown much more rapidly than this Society has grown. If 
this Society is going to be helpful to the industry, a larger propor- 
tion of those who are engaged in the industry and the engineering 
end of it should belong to it, and those who are not in the engi- 
neering end of it should give us their assistance by taking an asso- 
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cjate membership in the association. Each member should do all 


he can to induce those who are engaged in the industry to become 
members. A little concerted effort on the part of all the members 
would duplicate the work that has been done in Detroit and would 
bring the membership up to 1,500 inside of two years. 

(The meeting adjourned until the Annual Meeting in New York, 
January, 1916.) 








MEMBERS AND GUESTS 





PRESENT AT 


Sem1-ANNUAL MeetiNnG, Detroit, Micu., Juty 19-21, 1916 


Allen, J. R. 
Armagnac, A. S. 
Baldwin, Wm. J. 
Benbrook, A. 
Blackmore, J. J. 
Blaney, Chas. A. 
Bolton, Jas. R. 
Boomhower, F. K. 
Braemer, W. J. 
Bristol, H. D. 
Brown, W. G. 
Byson, L. L. 
Calvert, N. W. 
Capron, E. F. 
Cassell, J. D. 
Chapman, Frank T. 
Chew, Frank K. 
Claffey, E. J. 
Collamore, R. 
Connell, R. F. 
Coon, T. E. 
Cripps, A. G. 
Crowall, M. L. 
Cutler, J. A. 
Davenport, R. W. 
Degan, J. E. 
Donnelly, Jas. A. 
Downs, E. L. 
Dunham, C. A. 
Ellis, H. W. 
Firestone, J. F. 


MEMBERS 


Foster, Wm. M. 
Franklin, M. W. 
Fuller, J. L. 
Gifford, Robt. L. 
Glore, E. F. 
Gottwald, C. 
Graves, W. B. 
Hale, John F. 
Hamlin, H. A. 
Harrigan, Ed. M. 
Harris, E. E. 
Hart, H. M. 
Hayes, T. D. 
Hill, N. J. 
Hogan, E. L. 
Hynes, T. F. 
Johnson, F. W. 
Jones, Robt. Ross 
Knight, A. B. 
Lillie, E. C. 
Lindeblad, A. S. 
Lindman, R. H. 
Locker, Chas. 
Lomasney, E. J. 
Little, E. R. 


McElfatrick, J. T. 


McColl, J. R. 
McDonald, W. F. 
McNair, E. E. 
McSorely, C. M. 
May, E. A. 


Mayer, R. J. 
Mayer, R. S. 
Nelson, B. 
Newport, C. F. 
Noland, R. W. 
Obert, C. W. 
Peck, C. J. 
Petherick, D. H. 
Phegley, Frank G. 
Pittelkow, A. G., 
Polk, G. C. 
Robinson, W. J. 
Sanborn, E. W. 
Soule, L. C. 
Stark, E. A. 
Still, Fred R. 
Stockwell, W. R. 
Tuttle, J. F. 
Valentine, F, H. 
Van Sickle, W. 
Walker, J. H. 
Walton, H. L. 
Wheeler, C. W. 
Whitcomb, L. A. 
Whitelaw, H. L. 
Wigman, J. B. 
Wilde, R. 
Williams, J. W. 
Woolfenden, John J. 
Woolley, T. R. 





PRocEEDINGS OF THE SEMI-ANNUAL MEETING 


Beckwith, C. F. 
Booth, H. N. 
Burquest, W. H. 
Carrabin, Thomas M. 
Chester, T. 
Craig, R. T. 
Craig, T. F. 
Deen, R. B. 
DeLand, R. 
Dill, J. B. 
Emswiler, J. E. 
l‘arleye, J. W. 
Farrer, C. W. 
Fitzgerald, F. B. 
Gow, A. P. 
Gurney, J. A. 


is 


Mrs. R. Collamore 
Miss E. F. Connell 
Mrs. R. F. Connell 
Mrs. S. W. Ellis 
Mrs. C. Gottwald 
Miss E. A. Gottwald 
Mrs. C. Hackett 


GUESTS 


Hackett, C. P. 
Harms, Wm. T. 
Henwood, N. A. 
Hillis, W. S. 
Howard, S. W. 
Hughson, H. H. 
Jolliffe, A. H. 
Judson, E. 
LaFollette, B. E. 
Lanning, E. K. 
McCabe, John C. 
Milward, R. K. 
Pearce, H. V. 
Ross, A. H. 
Rozier, P. V. 


LADIES 


Mrs. J. S. Hale 
Mrs. H. M. Hart 
Mrs. T. F. Hynes 
Mrs. A. B. Knight 
Mrs. R. W. Noland 
Mrs. C. W. Obert 
Mrs. F. G. Phegley 


Singer, Frank J. 
Skinner, Wm. C. 
Slaughter, C. H. 
Smith, R. G. 
Snell, E. 
Stimpson, G. K. 
Thayer, W. H. 
Trombley, J. H. 
VanSickle, H. C. 
Veal, C. B. 
Vitalius, Edward H. 
Webb, J. B. 
Wilcox, G. D. 
Wilson, T. 
Wood, Geo. W: 


Miss Myrtle J. Phegley 
Mrs. W. J. Robinson 
Mrs. J. H. Valentine 
Mrs. H. C. Van Sickle 
Mrs. W. B. Van Sickle 
Mrs. C. W. Wheeler 














— een siabhneanidediaguihidh thdedediecneeandanetnd a dnhane mammeseneenaakereeaee ee ee Ee 


So nee egy te: ert sarees see — nee - Pn ae re ee Re Se 





















No. 414 
ANNUAL REPORTS OF THE CHAPTERS 
ILLINOIS CHAPTER 


HE practice of the Illinois Chapter is to hold its first meet- 
i i ing on the second Monday in October, and following that 

regular monthly meetings on the second Monday of each 
month up to and including May, when meetings are discontinued 
until the following fall. 

The October meeting is customarily devoted to the election of 
officers and receiving reports of the past year’s activities. At the 
October meeting in 1915, the Society was presented with a leather 
bound copy of the proceedings of the Chicago Commission on 
Ventilation. A somewhat formal discussion as to the advisability 
of licensing ventilating contractors in the State of Illinois took place. 


At this meeting the following officers were elected and installed: 


President, E. L. Hocan, Board of Governors, 
Vice-President, F. W. Powers, H. M. Hart, 
Secretary, W. L. Bronaucu. H. R. Linn, 
Treasurer, Aucvst KEuM, C. F. Newport. 


President Hogan announced that he would endeavor to obtain 
outside talent to address this Chapter for a number of its meet- 
ings, and in pursuance of this policy, Mr. W. L. Abbott, chief engi- 
neer of the Commonwealth Edison Company gave us a most inter- 
esting discussion at the November meeting on “Power Plant Devel- 
opment of the Edison Company.” Mr. Abbott informed us that 
his company would have in service, during the fall of 1915, 400,000 
h.p., that the average daily consumption of fuel in the power houses 
of the Edison Company was one hundred carloads; that the Edison 
Company had in transit between mines and Chicago at all times at 
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least 2,000 carloads of coal. Mr. Abbott’s description covered the 
boiler plant and turbine plant. 

At the December meeting of the Chapter we were addressed by 
Mr. Frank F. Cauley, manager of the Industrial Appliance Division 
of the People’s Gas, Light & Coke Company. Mr. Cauley surprised 
the members of the Chapter by showing the wide application of gas 
for industrial purposes. 

Mr. Byron T. Gifford of the American Public Utilities Company, 
Grand Rapids, Mich., addressed the Chapter on January 10, 1916, 
on “Central Station Heating.” Mr. Gifford convinced the members 
of the Chapter as to his knowledge on this subject, by giving actual 
data from the plants at La Crosse and Indianapolis. Mr. Gifford 
made a plea to the members of the Chapter to be careful of their 
installations in buildings to be connected up to Central Station 
Plants, as the greatest enemy to Central Stations was the poor 
installation of the individual heating plant. 

At the February meeting, the Chapter was entertained with a 
talk, illustrated by moving pictures, showing the work done by the 
Underwriters’ Laboratory towards decreasing the losses from fires. 

The March meeting was addressed by Mr. Elmer W. Rietz of the 
Chicago Car Heating Company, and by Mr. D. I. Cook of the 
Vacuum Car Heating Company. 

The April meeting was addressed by Mr. Thomas C. McKee on 
“Refrigeration in connection with Artificial Heating,” and by Mr. 
Ben Nelson, a member of the Chapter, on “Cooling with Air 
Washers without Artificial Refrigeration.” 

It would be very difficult to specify which of these meetings was 
the most interesting and instructive. At the February meeting, 
through the courtesy of James A. Donnelly, each member present 
was presented with a fine Spitzenburg apple; the members voted 
the Chapter’s thanks to Mr. Donnelly for his courtesy. 

During the year the following were elected to membership; J. F. 
Hale, G. H. Henrich, and G. D. Hoffman; and to associate mem- 
bership: R. H. Lindman, and H. J. Gilson. 

The May meeting was turned over to a good-fellowship Meet- 
ing, and was in honor of Mr. C. W. Obert, the national secretary 
who visited the Chapter at that time. At this meeting the Chapter 
introduced thirty-nine guests, who were invited as being properly 
qualified to become members in the parent body. No routine busi- 
ness was transacted, with the exception of calling the roll, and the 
entertainment was furnished by cabaret performers, under the 
leadership of the Chapter’s star entertainer, Mr. Ray Stackhouse. 

W. L. Bronauau, Secretary. 
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MASSACHUSETTS CHAPTER 


The first meeting of the year was held Wednesday evening, 
October 13, 1915, and officers were elected for the year as follows: 


President, Hon. E. R. Stone, Board of Governors, 
Vice-President, Frep S. Bottz, Witi1am G. SNow, 
Secretary, CHARLES Morrison, FRANK IRvING COoopER, 
Treasurer, Wm. T. SMALLMAN. James W. H. Myrick. 


At this meeting a change in the By-Laws was adopted, changing 
the annual meeting of Massachusetts Chapter from October to May 
of each year. : 

The November meeting of the Chapter was largely attended, the 
feature of the evening being an illustrated lecture by William G. 
Snow on the subject of Vacuum Heating. The December meeting 
was devoted to a discussion of general engineering topics. 

The January meeting was suspended, to avoid interference with 
the Annual Meeting of the national Society in New York. The 
February meeting was devoted to a paper on The Early Experience 
of the Paul System, by Andrew G. Paul. 

At the March meeting, the subject of the paper of the evening 
was: ‘Velocity of Flow in Heating Risers and Mains.” The 
April meeting was devoted to general topics. 

The May meeting resulted in the election of officers for 1916-17 as 
follows: 


President, Frep S. Botrtz, Board of Governors, 
Vice-President, Wm. W. UNDERHILL, FRANK IrvING CoopER, 
Secretary, CHARLES Morrison, WituiaM G. Snow, 
Treasurer, Witt1AM T. SMALLMAN. EuceNeE R. Stone. 


Present membership of the Chapter, fifteen. 


CHarLes Morrison, Secretary. 








Reports OF THE CHAPTERS 
MICHIGAN CHAPTER 


Detroit has for many years past appeared in the Year Book as 
the address of a few members of the Society, but it appears now as 
the home of the Michigan Chapter. The necessity of forming a 
Chapter with headquarters at Detroit, was discussed in October, and 
several applications for membership in the Society were secured at 
that time, but the application for a charter was not made until Feb- 
ruary. It was not then expected that much could be done this year 
except to get a start and have everything ready for the opening of 
the new year in October. 

The Michigan Chapter now has, however, a membership of 52, 
and has 10 applications in hand. Preparations for the Summer 
Meeting have prevented securing signatures to nine more applica- 
tions, which will make the tota! membership at the opening of the 
new year not less than 70. 


A meeting was held on Feb. 5th, when the following officers were 
elected : 


President, Pror. JoHN R. ALLEN, Board of Governors, 
Vice-President, Frep R. STILt, W. F. Foster, 


Secretary, Wituiam F. McDonatp. E. E. McNarr, 
Treasurer, Epwarp M. HarriGan, , A. G. PITTELKow. 


The application for a charter for the Michigan Chapter was signed 
at this meeting, and Committees were then appointed to secure addi- 
tional applications. 

On March 6th, the members of the Chapter entertained the appli- 
cants at a dinner at which Prof. John R. Allen presided. 

A meeting was held on April 6th with an attendance of 48. The 
subject for discussion, Heat Losses From Building Structures, was 
interestingly treated by Prof. John R. Allen, and the discussion fol- 
lowing led by J. R. McColl, F. K. Boomhower, J. H. Walker and 
R. W. Davenport. Committee reports were received and an invita- 
tion to hold the Summer meeting at Detroit sent to the Council of 
the Society. 

The next meeting was held on May 9th, with an attendance of 
19, when Mr. Elmer W. Rietz of the Chicago Car Heating Co., read 
a paper on Railroad Car Heating, which was so instructive that all 
concluded that complaints on poorly heated sleeping cars are 
avoidable. Word was received at the meeting that the Council had 
acted favorably on the invitation of the Chapter to hold the Summer 
Meeting at Detroit on July 19-21. Mr. C. W. Obert, the new Secre- 
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tary of the Society, was present and brought some interesting news 
from the national headquarters. Committees were appointed to 
make arrangements for a convention. 

The next meeting was held on June 6th, when the Entertainment 
Committee held a smoker and vaudeville entertainment for the mem- 
bers. The attendance was 55. 

Generally the “last meeting” means “quiet until fall’’ but such is 
not the case with the. Michigan Chapter. Committees are busy and 
every one is planning for the Semi-Annual Meeting on July 19-21, 
and it is hoped that all who come will not only see Detroit at its best, 
but also remember the Michigan Chapter. 


Wm. F. McDonatp, Secretary. 


NEW YORK CHAPTER 


Monthly meetings of New York Chapter have been held from 
October until April with the exception of the month of January, the 
meeting for this month being merged with the Annual Meeting of 
the national Society, which occurred in the same week. An innova- 
tion in the meetings has been adopted, in making them more social 
than technical in character, only two technical meetings having been 
held during the year; those were the November and December 
meetings. 

The November meeting was given over to a discussion of “Oper- 
ating Costs of Heating Plants,” discussed by Mr. Geo. W. Martin, 
member. The December meeting was devoted to “Vapor Vacuum 
Systems,” the discussion being general. 

The October, February, March and April meetings were social 
meetings, the Chapter in each instance paying for the entertain- 
ment of the Members attending. The October meeting was in the 
form of a Smoker at Keen’s Chop House on 36th Street, and was 
addressed by Mr. Rawson W. Vail and Mr. R. D. Hopkins. 

The February meeting was a get-together meeting and ad- 
dresses were made by Dr. M. W. Franklin and Mr. F. K. Chew 
and others. At the March meeting, the principal speaker was Mr. 
Chas. E. Carpenter of the E. F. Houghton Co., while at the May 
meeting, Prof. Chas. E. Lucke, of Columbia University, favored 
the Chapter with a talk on “Modern High Speed Gas Engines,” in 
which he showed in a very interesting manner, that this subject was 
one of interest to the heating engineer. 

Beginning with the April meeting, the suggestion of Mr. Ritter 
was carried out that a portion of the membership of the Chapter be 
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put on a committee each month to handle the meeting and enter- 
tainment for that month, and to arrange the size and personnel of 
the committee in such a manner that at some time during the year 
each and every member would serve on a meeting committee. This 
has been eminently successful in the two meetings held since, Mr. 
P. H. Seward having charge of the April meeting and Mr. A. S. 
Armagnac having charge of the May meeting, which was the annual 
dinner of the Society. 


The oflicers elected for the Chapter are as follows: 


President, ARTHUR RITTER, Board of Governors, 
Vice-President, FRANK K. Cuew, W. H. Drisco.t, 
Secretary, F. K. Davis, Conway Kiewitz, 
Treasurer, W. S. OLVANEY, C. E. PEaRce. 


General interest in the Chapter has been greatly stimulated this 
year and the attendance has been increased to more than double of 
the average attendance one year ago. 

The finances of the Chapter are in a healthy condition and a 
substantial surplus is held in the treasury. After expending con- 
siderable money in the entertainment of the members at the three 
social meetings of the year, and printing a Year Book, we will close 
the year with practically as much cash on hand as at the beginning 
of the year. 

F. K. Davis, Secretary. 














Reports OF THE CHAPTERS 


OHIO CHAPTER. 


The progress of the Ohio Chapter has not been phenomenal, due 
to the fact that the profession and business interests of our members 
have been so taken up as to make it almost impossible for them to 
give the attention to the Chapter affairs that they would have liked. 
Up to the present time the efforts have been extended toward an 
increase in membership, but still at the same time we have outlined 
a program of particular interest and importance to the heating and 
ventilating engineer. Papers now in progress give promise of excep- 
tional value, not only to the Society and Ohio ‘Chapter in particular, 
but to those interested in heating and ventilating in general. Among 
our many problems is a revision of the State Code, covering heating 
and ventilating apparatus for public buildings, and a committee has 
been appointed to prepare an extensive paper on this subject with 
the hopes of interesting the proper authorities and eventually encour- 
aging legislation to cover some of the recommendations we propose 
to offer. 

The inception of the Ohio Chapter was brought about by a desire 
of a few members of the Society to encourage the work of the parent 
body, particularly in the state of Ohio, and on the evening of Janu- 
ary 11, 1916, a meeting was called for the purpose of considering the 
organization of Ohio Chapter, which was attended by the following 
members of the Society: Wm. M. Kingsbury; R. S. Mayer; M. L. 
Foote; F. H. Valentine; and F. G. Phegley. 

A petition was signed at this meeting and forwarded to the gen- 
eral secretary at New York praying for a charter for the Chapter, 
which after due time was granted, and at this meeting it was 
arranged to call a second meeting and invite all members of the 
Society living in the State of Ohio. The second meeting, held on 
February 15, was more largely attended, and a committee was ap- 
pointed to draft a constitution and by-laws to govern the Chapter. 
The third.meeting of the temporary organization was held on the 
evening of February 28, 1916, at which time the proposed constitu- 
tion and by-laws were adopted subject to the approval of the Coun- 
cil of the Society and the following officers elected: 


President, R. S. MAYER, Secretary, F. G. PHectey, 
Vice-President, M. L. CRowE tt, Treasurer, F. H. VALENTINE. 
Board of Governors, 
R. S. MAYER, , F. G. PHEGLEY, 
W. C. GREEN, Ws. M. Krnecssury, 
J. H. Bacon, Jr., M. L. Crowe t, 


F. H. VALENTINE. 
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The meeting of March 10, was devoted to the consideration of 
ways and means to increase the membership and a committee ap- 
pointed to report at the next meeting a list of engineers who might 
be eligible for affiliation in our Society. 

The meeting of April 14, 1916, was again taken up with the sub- 
ject of new members, but it was impossible to show much progress 
as the committee appointed was not in a position to make a report. 

The charter member list was closed at this meeting with the fol- 
lowing membership considered as charter members of the Ohio 
Chapter : 


Be Wy OM Da sks cade dese Cleveland 
Mn, Sit SUREE SS cack acameaee Cleveland 
_) ae ee eae Cleveland 
ce Wee CAPMAM. kc icccaces Canton 

a a er ere e Toledo 

i: Ge Me oo schecAesaeas \kron 

A ee Se Cleveland 
| AMG SPS ere Cincinnati 
Mm. D Geemems, Je... scicciins Dayton 

i ee errr re Cleveland 
Tueo. F. HuMpurReyYs........ Cleveland 
SR EO ree Cincinnati 
Wma. M. KInGsBUuRY.......... Cleveland 
CX TR. os cn ccc ed Cleveland 
fs. f° See Cleveland 
ee per Cleveland 
i = Ree errr orn Cleveland 
SS OT ee rere Cleveland 
Rr et Cleveland 
SaaS ig NN tiie sal themed Cleveland 
©. HH. SCMRRMMER. 0... 66ccs Warren 

G. BE, Tat. cc ccccccccscccce mene 
eee Cleveland 
WH. T VAM TOCRER, 0 occ cccnccs Cleveland 
Rost. N. WaAGENER........... Canton 


At this meeting Mr. E. A. Stark presented a paper on “Chimney 
Sizes and Draft,” which was interesting not only to the members 
present, but also to the visitors. It is interesting to note that a repre- 
sentative from the smoke prevention department of the City of 
Cleveland was present at this meeting. 

The final meeting of the season was held on May 12, 1916, but 
the majority of members were out of town on business and there 
was nothing of importance considered. 

The next regular meeting will be held in October and monthly 
meetings will be held on the second Friday of each month thereafter 
up to and including the month of May, 1917. There are many 
papers of interest and importance now being prepared and the pres- 
ent outlook is such as to warrant the statement that our membership 
will be more than double before we have the pleasure of presenting 


another annual report. , ~ . 
FRANK G. PHeciey, Secretary. 
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EASTERN PENNSYLVANIA CHAPTER 


The formation of the Eastern Pennsylvania Chapter was directly 
traceable to the fact that the members residing in the territory within 
its jurisdiction were last year given an opportunity to co-operate 
with the national Society at the Semi-Annual Meeting held in 
Atlantic City, in September, 1915. 

The interest aroused at that time crystallized the idea with the 
members in this section, that a local Chapter would be advantageous, 
and on March 8, 1916, an organization meeting and banquet were 
held at Kugler’s Restaurant, Philadelphia, at which thirty-six mem- 
bers were present. At that meeting, the following were elected 
officers of the Chapter: 





President, Joun D. CAsseEtt, Board of Governors, 
Vice-President, Isaac H. FRANCrIs, W. G. R. BRAEMER, 
Secretary, GEORGE W. Barr, James T. MELLON, 

Treasurer, KENNepy DuFF. E. T. Murpny. 


A Committee on the Constitution and By-Laws, consisting of 
the officers and members of the Board of Governors, together with 
Mr. E. S. Berry and Mr. A. S. Mappett was appointed to report 
at the next regular meeting. 

A suitable place for meetings was discussed in detail and in 
accordance with action taken at that meeting, application was made 
to the Engineer’s Club of Philadelphia for associate membership. 
In due course, the members of our Chapter were elected associate 
members of the Engineer’s Club of Philadelphia and the headquar- 
ters of the Chapter are now at 1317 Spruce Street, where the 
regular meetings of the Society are held on the second Thursday 
of each month from October to May, inclusive. 

The first regular meeting was held at the Engineers’ Club on 
April 13, 1916, at which the report of the Committee on the Con- 
stitution and By-Laws, appointed at the organization meeting, was 
submitted. This report was adopted with minor changes. 

A very interesting paper on Air Conditioning was read by Mr. 
W. G. R. Braemer, a member, and was thoroughly enjoyed by 
the large number of members present. After a discussion of the 
paper, Mr. George Bliss, the Chief of the Philadelphia Weather 
Bureau, called attention to the importance of the reports of that 
Bureau in connection with the design of air “conditioning appa- 
ratus. 

The paper submitted at the second meeting of the Chapter on 
Thursday, May 11, was on Refrigeration, read by Mr. Lee Nus- 
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baum. This paper proved to be of particular interest to the mem- 
bers and resulted in a very interesting discussion on the subject of 
refrigeration in general. 
At this meeting, the following special committees, by vote of 
the members, were appointed : 
Pusticity: H. P. Gant, Chairman, A. C. Edgar, R. C. Morgan. 
LEGISLATION: E. S. Berry, Chairman, A. J. Jellett, Lee Nusbaum. 
MEMBERSHIP AND MEETINGS: George Boon, Chairman, A. P. 
Goldsmith, H. C. Beatty. 


The Chapter is looking forward to the resumption of the meet- 
ings, which undoubtedly will develop a larger interest in engineer- 
ing as applied to heating and ventilation, and the closer co-opera- 
tion of the members to effect tangible and permanent results along 
ethical and legislative lines. 

G. W. Barr, Secretary. 
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No. 415 


REPORT RELATIVE TO THE BEST POSITION 
FOR A RADIATOR IN A ROOM 


OUR Committee appointed to determine the best position for 
yY a radiator in a room, reports the following: 

The tests reported herein were conducted in the Mechani- 
cal Laboratory of the University of Michigan by Professor J. E. 
Emswiler, in charge of the experimental laboratory. They were 
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SECTION B-B 
FIG. 1. ROOM IN THE NEW ENGINEERING BUILDING IN WHICH TESTS 
WERE CONDUCTED. 


made in Room 244 of the New Engineering Building, which is a 


room 22 by 26 ft., with the west wall exposed. Fig. 1 gives the 
principal dimensions. 


Presented at the Semi-\nnual Meeting of Tue AMERICAN Soctety OF H&ATING AND 
VENTILATING ENGINEERS, Detroit, Mich., July, 1916. 
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A steel radiator was used which had welded joints, and 48 sq. ft. 
of rated surface. It consists of 12 sections, 8% in. in width by 33 
in. in height, and was provided with rubber hose connections to the 
steam supply, also to the drain and by-pass. The steam upon pass- 
ing through a valve on the steam supply line entered the rubber 
hose leading to the radiator. On the steam inlet side of the radiator 





* 

















FIG. 2. ARRANGEMENT OF RADIATOR FOR TESTING IN ELEVATED 
POSITION. 


were placed a separator with a by-pass, a valve for controlling the 
pressure, and also a pressure gage. There was also on the steam 
inlet side of the radiator, an orifice to insure a slight superheat and 
a thermometer for obtaining the temperature of the steam entering 
the radiators. A U-tube was placed near the top on the return side 
of the radiator for obtaining the pressure in the radiator. 
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The return connections consisted of a receiver provided with a 
glass tube for noting the level of the water in the receiver, which 
level was kept at the same point when securing results. A pet cock — 
was placed on top of the receiver, through which a small amount of 
steam was allowed to flow at all times, thus keeping the radiator 
free of air. The condensation was taken off at the bottom of the 
receiver through a valve and rubber hose connection to a weighing 
scales and weighed. Readings were taken at ten minute intervals, 
the tests on the average lasting an hour. To be sure that the radia- 
tor was free from air, a thermometer was placed between the radia- 


Tests made in Room N°? 244 Eng. Bldg. Univ. of Mich, 
Room 22'x26', West Side Exposed. 
Steel Radator Used, 48sg.ft. Rated Surface,33 High. 
TEST N°45 TEST N°46 TEST NO47 ZEST 248 
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FIG. 3. CURVES SHOWING ROOM TEMPERATURES, OUTSIDE TEMPERA 
TURES AND WEIGHTS OF CONDENSED STEAM PER 10 MIN. FOR 
RADIATOR IN DIFFERENT POSITIONS AND LOCATIONS IN ROOM. 


tor and the receiver, thus giving a temperature check on the steam 
in the return. Fig. 2 shows the radiator in an elevated position 
preparatory to a test. 

Twenty-two sets of tests were made between February 12th and 
26th, 1916, with the radiator in ten different locations, seven on the 
floor and three elevated. Table 1 gives results obtained from these 
tests. Table 2 is obtained by averaging the results given in Table 1 
for the ten different locations. Curves were plotted showing room 
temperature average, outside temperature and weight of condensed 
steam at ten minute intervals. The results obtained are quite con- 
sistent. They cover not an unusual range in values as will be noted 
from the following, taken from results as shown in Table 1: 
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TURES AND WEIGHTS OF CONDENSED STEAM PER 10 MIN. 
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Outside Temperature, deg...........+--6- 10.0 to 32.8 
Inside Temperature, deg. .........-2+-055 64.0 to 79.0 
Maximum Temperature Range in Room, deg. 1.6 to 3.4 
Value of K (B.t.u. per sq. ft. per hour per 

degree of difference) .......ceceeeeeees 1.44 to 1.829 


In averaging the results for the ten different positions the range is 
not so marked: 


Outside Temperature, deg. ............4.- 11.8 to 29.4 
Inside Temperature, deg. .........ceceees 68.3 to 75.0 
Maximum Temperature Range in Room, deg. 0.6 to 3.0 
Valse Of KB onc cccccccccvvcasecececesss 1.510 to 1.760 
8.t.u. per hour per degree of difference inside 

pied CURE OE on. i ecidvaadeiessacde 210 to 229 


The greatest value of K, 1.760, is obtained when the radiator is 
placed in the center of the room (see Table 2). This indicates that 
more B.t.u. are secured per sq. ft. per degree difference between the 
steam in the radiator and the average temperatrue of the room, in 
this position than in any other. The temperature range indicated by 
the four thermometers, 2.0 deg., is next to the smallest and it will be 
noted that the B.t.u. given up by the radiator, 213 B.t.u. per degree 
difference, is below the average. This last, however, may be due 
to other causes, such as varying wind conditions outside. 

With the radiator placed in the usual position, parallel to the wall 
and under the exposed glass surface, the value of K is 1.588, the 
maximum temperature range in the room is 2.3 deg. and the B.t.u. 
per degree difference given up by the radiator is 219 B.t.u. 1.51 is 
the lowest value of K, which was obtained with the radiator ele- 
vated in the center of the room. The corresponding value of the 
B.t.u. per hour per degree difference of outside air and inside air is 
229, which is a maximum for the ten different positions. 


W. F. VERNER, 
J. R. ALLEN, 
R. CoLLAMORE, 


Committee. 
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448 Discussion of Report on Best Position For A RapiaTor IN A Room 
DISCUSSION 


A. S. ARMAGNAC: This report supplements one made by Mr. 
F. K. Davis, of New York, to the Society some years ago. Mr. 
Davis reported the results obtained by placing radiators in different 
positions in the room and he came to the same conclusion as that 
here given, that a radiator placed on the inside wall, or at least 
away from the window, is more efficient, as far as the heating of 
the room is concerned, than one placed directly under the window. 
As I remember his theory, it was that a radiator placed close to an 
outside window induces a current of cold air from the window and 
while the radiator actually does more heating work under those 
conditions, it does so at the expense of the room; that is to say, a 
greater amount of outside air is drawn into the room. 


Joun F. Hate: Something similar to this was brought to my 
attention a few days ago. Samuel R. Lewis, one of our Ex-Presi- 
dents, designed a heating apparatus for a small residence in a brick 
row, an old building which was being remodeled ; it was in a district 
where fine residences were not continued, but it was owned by a 
doctor who was compelled to keep his residence in that neighbor- 
hood because his patients were nearby. Mr. Lewis first designed 
a heating apparatus with all of the radiators on the inside wall, 
that is, in the center of the building; primarily because the lady of 
the house insisted that the positions where all her furniture were 
located at that present time, must not be changed ; and it was neces- 
sary to find some place to put the radiators, and the only place 
was on the inside wall. So Mr. Lewis designed the apparatus on 
that basis, and he told me the other day he felt confident, from the 
experiments he had made, that there would be no question at all 
but that it would heat, because he had compensated for what little 
difference there may be due to the location. He put all the radia- 
tors in the center with the building, with only two or three small 
risers, instead of distributing them all around the outside walls. 
The risers run. straight up, within a few feet of a vertical line, 
above the point where the boiler would be located. 


Ws. J. Batpwin: Some of these ideas are rather radical, and 
probably it would be well to consider a little what they mean. If 
a radiator is placed on the inside wall of a room, the air, of course, 
reaches the ceiling first, then passes across the ceiling to the win- 
dow (the cold place), and there falls down, and flows across the 
floor to the radiator again. A man sitting in this return current 
of air, or a woman, with poor circulation, will complain of cold feet. 
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I think I made use of the “cold feet” idea once before, and | .was 
laughed at, but I will have the courage to use it again. Cold feet 
makes the condition plain to nearly all of us. 

A radiator placed under a (cold) window is the neutralizer of 

the cooling surface above it; and I think that is the only way to 
make a: room comfortable at the least cost and with the least effort. 
An ordinary room is a cube, or cubiculum—I am not considering a 
corner room, which has two windows in it, but a second room. 
Now, the only cooling going on in that room is done at its window 
and the outside wall. If you neutralize this cooling by heat just inside 
the window, you do that at a minimum of cost and of condensa- 
tion ; and tests will show less condensation in a radiator so placed. 
The assumption that the radiator is doing more work on the inside 
wall, does not prove that the room will be more comfortable, and 
it does prove, if anything, that it will require more steam and prob- 
ably a larger radiator. 
‘I am putting it in this way, dogmatically, to fix questions in my 
mind, and in the minds of many of us. I might explain. Prof. 
Louis Leeds in a work on ventilation, in the early sixties, illus- 
trates this subject with colored diagrams. He says that when the 
fireplace is on the inside, or the heat on the inside wall, that a 
person to have comfort should be turned upside down, their feet 
should be near the ceiling, and their heads at the floor, and he 
shows a chair, and an old lady sitting in it, her head near the floor 
and her feet in the warm air. Now, that is the condition in a 
room, if you put the radiator on the inside wall and neglect the 
windows. The warmer air is flowing across the ceiling, towards the 
glass. The window is “the negative circulator”; that moves the 
air downwards; the prime circulator is the radiator that, moves the 
air upwards. I am reasoning to show what happens to this air, if 
we put the radiator in the inside wall and do nothing for the win- 
dows. If we put the radiator on the outside wall, the flow is more 
or less the other way, and not so very much the other way, either, 
because the heat of the radiator meets the air flowing down from 
the glass or trying to fall down, and the hot meets the cold and 
warms it, and we get a rolling circulation, between the current 
of warm air going up, and the current of cold air coming down. 
That is the way I think we should look at it, as a suggestion to at 
least the younger members. 


James A. DonNeELLY: One of the sources of discussion on this 
Report might be found in just one word in the title which reads as 
follows: “Relative to the Best Position for a Radiator in a Room.” 
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I have not the slightest idea of what is meant by the word—“Best.” 
Is it the best position of the radiator in relation to the amount of 
steam used? In relation to the size of the radiator necessary? In 
relation to the heat given off by the radiator? In relation to the 
uniformity of temperature in the room, in the vertical zone, the 
horizontal zone? Or in relation to the comfortable heating of the 
room? 

My own inclination is to use the word “best” in relation to the 
comfortable heating of the room; in relation to the uniformity of 
temperature in both vertical and horizontal zones; in relation to 
what the man wishes who is using the room. A comfortable room 
to sit in, to read in and to have children playing about the floor, 
as Mr. Baldwin says, needs the best location for the radiator, but 
until there is a definition of what is meant by “best,” we each may 
discuss this paper from an entirely different aspect and we might 
all disagree. While it is best not to be too technical in the use of 
words, yet a little more care in defining them will bring out a dis- 
cussion from the same point of view, from which we are all 
talking. 


Ws. J. Batpwin: In mills, commencing twenty or thirty years 
ago, it became quite the practice to put the coils along on the 
outer side, above the windows, and near the ceiling, and it was 
considered the best practice in the mills at that time. The Massa- 
chusetts Mutual Society for insuring mills approved of it. Why 
they approved of it was, that in their judgment it was the “best” 
place to put heaters, because it minimized the chances of fire in the 
mill. But, an operative working under the coil often had a head- 
ache, while complaining of cold feet; so then it became necessary 
to place hanging shields beneath the coils, to cut off the radiant 
heat that caused the headache. Radiators, of course, give off heat 
by two methods, convection and radiation, and the radiation ques- 
tion is an important one, when considering location of coils or 
heaters for factories. 

In the Winchester Repeating Arms Company building, the men 
work near the windows. The windows are large, get a good deal 
of light and the question as to whether the coils were to be placed 
at the ceiling or behind the benches, came up for consideration. 
One said: “Place them behind the benches, of course”; another 
said: “The warmer air comes out from under the benches, and 
" A little discussion of the matter brought 
the suggestion: “Why not move the benches out a little and let 


comes into one’s face 


the air come up behind the benches?” So the benches were moved 
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6 in. or so from the walls and the circulation now goes up in 
front of the glass, in the usual old-fashioned way and the move- 
ment of air is now from the body of the workman underneath the 
bench, and up the outside wall, neutralizing the cold of the wall 
and the windows. In that particular case, that was “the best” 
way in that mill, the overhead method being “the best” for cotton 
mills. 

I believe it will be found that there is economy also in using the 
heating surfaces close to the cooling surfaces—the walls and win- 
dows. If we put the heaters on the inner walls there will have to 
be more of them to do the same work and if we put them on the 
outer walls, we are simply neutralizing the cold where we want it 
and we can do it with less radiator than when the radiatof is on 
the back wall and do it more satisfactorily. 


H. M. Hart: I think the point is well taken, that we must 
distinguish between the efficiency of the radiator, and comfort in 
the room. There is no question in anybody’s mind but that as far 
as the question of efficiency is concerned, this report gives us the 
most efficient place, or point, to locate the radiator in the room. As 
far as the steam consumption is concerned, we all know that if we 
place the radiator against the outside wall, that the radiant heat on 
the outside of that radiator is practically lost, because it is up against 
the great cold surface and goes out through the window, or out 
through cold wall, and is heating out-doors. The point that Mr. 
Lewis made was that he wanted to save that radiant heat that is 
now escaping out-doors, by placing the radiator on the inside wall. 
There is no question but what that point is well taken, but we have 
got to consider the comfort of the occupant, the cold draught on 
the floor, which is liable to result, and I think it might be well to 
compromise by placing the radiator om an inside partition near 
the outside wall which would probably prevent the cold draught 
passing clear across the floor from one side of the room to the 
other. 


Joun F. Hate: One thing we can learn from this paper, if it 
is to be carried to a further development, is, to give the engineer 
the result of the experiments, so that if he meets a problem where 
furniture location prevents radiators being located near the win- 
dows, he can find a way of putting them at some other point. If 
it indicates to what extent to increase the radiation to overcome 
that difficulty, the paper has accomplished something; it has given 
the engineer something to work upon. 
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I do not believe it was the thought to determine whether it was 
better in every case, regardless of furniture location, to put the 
radiator against the wall on the inside than against the outside 
wall, but rather to give the engineer some results of the experiment 
and also to show that if he was thrown up against that problem, 
he would know how to meet it. 


H. M. Hart: If there is no further discussion on this report, 
some action should be taken as to whether we should accept it, or 
refer it back to the Committee for further information. I think 
the report is worthy of acceptance, because it seems to be quite 
complete, and gives us some data that is interesting. 


J. D. CasseLtt: Owing to the matter brought out by Mr. Don- 
nelly, I move that the report be received and the Committee con- 
tinued for further experimentation and report. 

(The motion was seconded and carried.) 
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DESIGN AND OPERATION OF FRACTIONAL 
VALVES 


By James A. DonneL_y, New York 


Member 


steam radiators have been in use for many years. It is, how- 

ever, only recently that they have come into wide use in this 
country, although they are almost universally used in Europe. Fig. 
1 shows one of the earliest types of fractional valves made in this 
country. It was manufactured by Frederick Tudor about forty 
years ago. 


F RACTIONAL valves for the control of the partial heating of 


Modern types of valves are used under very diversified condi- 
tions, but the tendency of the best and most conservative practice 
of this country, at the present time, seems to be toward the larger 
sizes of American practice, rather than the smaller sizes of European 
practice. It was thought, therefore, that in this investigation of the 
subject, the research work should be directed toward the testing 
of fractional valves and the determination of the necessary 
orifices through them, where they were designed to be used under 
the conditions fixed by the standards that have been suggested to 
the Society, as representing the best of present practice for low 
pressure plants. These may be briefly stated as follows: 

a. That the valve is to be adapted for use on, and rated for 
standard cast iron direct radiation, having a nominal condensing 
capacity of 0.25 lb. of steam per square foot per hour; 


b. That the steam and return mains are of such size that the 
drop in pressure is not greater than one ounce in 100 ft. in straight 
pipe ; 
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c. That the standard sizes of steam and return connections for 
two-pipe vapor and vacuum systems are to be used, which are sub- 
stantially as follows: 

SUPPLY RETURN 
Gravity and 


Size vacuum steam Gravity and Gravity Vacuum 
in. connection vacuum valve return return 


¥4 | 20 40 80 

V4, 20 40 100 200 

1 40 80 200 400 
80 160 








AN EARLY TYPE OF FRACTIONAL VALVE. 


Fractional valves are in general use in two broad classes of air 
return systems: First, gravity systems, which include those in 
which the water is returned by gravity to the boiler, tank trap, 
return trap, receiver or other device, and second, vacuum return 
line systems, in which a vacuum pump is used on the return line in 
order to establish and maintain the difference in pressure necessary 
for circulation by lowering the pressure in the return line. 


The gravity systems may be divided into three classes along the 
lines of the devices used on the outlet of the radiator. The first 
class is that which uses nothing more than a union elbow, a slight 
water seal or a check valve of unrestricted opening ; the second class 
is that which uses a check valve having a seat opening restricted in 
size or by the weight of the valve disc, or both; the third class is 
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that which uses a float valve, thermostatic or- vaporizing fluid device 
on the outlet. 

The first class has substantially no restriction to the flow through 
the outlet device on the radiator; the second class modifies or re- 
duces the flow to a greater or less extent; while the third class per- 
mits the escape of air and water from the radiator and prevents the 
flow of any steam. The function of the fractional valve is, there- 
fore, somewhat different in each class. 

In the first class, the maximum opening through the valve is lim- 
ited to such a size that, at the pressure used, it will pass exactly 
the proper amount of steam for heating the radiator when the room 
is 70 deg. This valve, therefore, attempts to take the place of the 
outlet valve or to combine the function of both the outlet and the 
inlet valve, in one valve. 

Fractional valves in the two remaining classes are usually made 
with a maximum opening, which is of sufficient size. at the pres- 
sure used, to heat the radiators in a reasonable time, and depend 
upon the outlet valves to prevent the passage of steam or reduce 
the flow to a proper amount. 

The vacuum return line systems may be divided into two classes: 
First, simplex systems, or those which use but one device and that 
at the outlet of the radiator, for controlling the circulation and 
second, compound systems which use a combination of two devices 
for controlling the circulation, one at the outlet of the radiator and 
the other in the branch return. 

In the simplex systems, the full vacuum produced by the vacuum 
pump, less the unavoidable friction, extends to the return devices 
on the outlet of the radiator, and therefore, as soon as the heating 
effect of the radiator is reduced below the maximum, by the action’ 
of the fractional valve, the outlet valve tends to cool, and if of 
thermostatic or vaporizing fluid design, it opens, reducing the pres- 
sure in the radiator to substantially that in the return pipe. If a 
float valve is used at the outlet, it will not open as a thermostatic 
valve does, and therefore the pressure in the radiator will be reduced 
only by the continued throttling action of the inlet valve, until equal 
to that in the return piping. This, by reason of the increased dif- 
ference in pressure, renders it necessary that the fractional valve 
for these systems shall have a very much smaller area of opening 
through the seat, in order to control the flow of steam. 

In the compound system, the full vacuum maintained by the 
pump is not allowed to extend to the outlet device on the radiator, 
but is reduced to that necessary for circulation in each group. 
Fractional valves for these systems will, therefore, be working under 


oa 
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substantially the same conditions as those found in the second and 
third classes of the gravity systems. 

The necessary orifice through the seat of the fractional valves 
will, of course, be entirely governed by the drop in pressure chosen 
as a standard from the steam connection through the valve to the 
radiator. Fractional valves vary in their individual design so much 
at the present time that it was thought advisable to prepare a 
chart of pressures and areas showing a considerable range. There- 
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AREA OF ORIFICE SQ. IN. 
FIG. 2. CHART SHOWING AREAS OF ORIFICE NECESSARY WITH 
DIFFERENT PRESSURE DROPS. 


fore, the chart shown in Fig. 2 was prepared, showing the area of 
orifices necessary, with differences in pressure from % oz. to 4 oz. 
The theoretical flow of steam may easily be figured as a check 
on this chart. Taking as an illustration the orifice necessary to 
heat a 40 sq. ft. direct radiator with 2 oz. drop to the sq. in., the 
calculations are as follows: 
2 ounces per sq. in. = 18 lb. per sq. ft. 
18 x 26.36 (cu. ft. in a pound of steam at atmospheric pressure) 
= 474.48, the head in feet. 
V2gh = 474.48 x 8.02 = 174.7, the velocity in ft. per sec. 
174.7 x 3600 = 628,920 ft. per hr. 
40. sq. ft. of radiation x 0.25 = 10 lb. per hr. 
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10 x 26.36 = 263.6 cu. ft. 
263.6 
263.6 divided by velocity, ————— = the area of the orifice in 
628,920 
sq. ft. which multiplied by 144, equals 0.06 sq. in. 


From the tests upon which the chart is based, it took 0.1 sq. in. 
in area to heat the radiator. This would give an efficiency of 
orifice of 60 per cent., which is very reasonable to expect in the 
circumstances. ‘ 

If the size of pipe supplying the valve in which the orifice is 
located is sufficiently large so that the friction of flow through it 
does not materially affect the flow through the orifice, the area of 
orifice for varying amounts of radiation will vary in direct propor- 


FIG. 3. SUGGESTED DIAL ARRANGEMENT FOR FRACTIONAL VALVES. 


tion to the amount of radiation. As the difference in pressure for 
which the valve is designed varies, the area of the orifice will vary 
in inverse proportion to the square root of the difference in pressure. 

In order that a fractional valve may have a sufficiently large 
opening to heat a radiator within a reasonable time, the maximum 
opening should be double that required for the normal heating of 
the largest radiator for which the valve is rated. If this is the case, 
the average radiator for which the valve is designed will be com- 
pletely heated in from 10 to 15 min. after steam is turned on. This, 
in view of the comparative performance of ordinary direct radia- 
tors, is thought to be as rapid as necessary. If we assume a 2 oz. 
drop from the piping to the radiator, the maximum orifice for each 
size of fractional valve for the surface for which it is rated is as 
follows : 
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Square feet Normal Heating Initial Heating 
¥, inch 0 to 20 0.0 to 0.05 0.1 
¥% inch 21 to 40 0.05 to 0.1 0.2 
1 inch 41 to 80 0.1 to 0.2 0.4 
1% inch 81 to 160 0.2 to 0.4 0.8 


The dial might, therefore, be arranged as shown in Fig. 3. At 
the point A, the valve would be shut, at B it would be open suff- 
ciently for the normal heating of the smallest radiator for which 
the valve is rated, at C, for the normal heating of the largest radia- 
tor, and between the points C and D for the quick heating of a 
radiator. Between the points A and B, it would fractionally con- 
trol the smaller radiator and between the points A and C the larger 
radiator. 

If the resistances of valves and special devices are stated by the 
manufacturers, the total resistance of a circuit may easily be ob- 
tained and the static head of a gravity system, for instance, may 
easily be calculated and provided for. 

As an illustration, consider a gravity air return system having a 
run of 100 ft.; the resistances will be as follows: 





Oz. 
Psetetames GE Comedie) WOIVE ...c ccc cccccccscccscctssess 2 
ee OU I I ed taney bts aw, eli havens 1% 
Resistance of steam main, including fittiugs, etc............. 2 
ny Or Noon bos en dk oie pee baeaw wn 2 

ty 


For such a plant as this, the lowest point in he dry return should 
be about 18 in. above the water line of the boiler, giving a static 
head of 10 2-3 oz. 


DISCUSSION 


Joun F. Hate: I notice the first paragraph of the paper speaks 
of Frederick Tudor having been the originator of this type of 
valve some forty years ago, which is my understanding also. It 
is my belief that Mr. Tudor’s original idea was to produce a 
control valve, a valve that would control the quantity of steam 
to be conducted into a radiator of a given size, and for this reason, 
if the other valves which have been developed since that time, 
forty years ago, have all followed in Frederick Tudor’s wake, they 
would attempt to get some such adjustment as is shown on page 
457 of the paper, in order that the valve itself would control the 
unit of radiation to which it was attached. 
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On page 458, in the first paragraph, the commercial sizes of pipe 
which are purchasable, are shown as 1% in., 3% in., 1 in., and 1% in. 
and it is further indicated that a %4 in. valve will supply up to 20 
sq. ft. of radiation; that a 34 in. valve will supply from 21 to 40 
sq. ft., and so on. This in my estimation shows that the valve 
must be adjusted to its unit in order to take care of the control at 
the points between the commercial sizes. If a % in. valve will take 
care of 20 sq. ft. and will also take care of 10 sq. ft., or if a % 
in. valve will take care of 22 and also 40 sq. ft., and is used only 
as a commercial opening size, it will not give the saime control for 
a 40 sq. ft. radiator that it will for a 22 sq. ft., unless some means 
are provided whereby that valve can be made to fit the unit to 
which it is attached. 

Some investigations which I have made have shown that this 
is quite desirable, and although Mr. Donnelly does not lay par- 
ticular stress upon this, he touches upon it, showing that such 
control is desirable. 


WitirAm J. Batpwin:. I used the Tudor valve in my practice 
just after Mr. Tudor invented it. Mr. Tudor (supplementing what 
Mr. Hale said) had a “limiting device,” in the form of a washer 
in the lower part of the valve, the inlet, with a hole bored through 
the washer, that was just the capacity to admit steam, say at two 
pounds pressure, to warm the radiator, and no more. Mr. Tudor 
used no valve on his outlet pipe; he used a deep loop, a water 
loop, and he used very large radiators. Where we might call for 
100 sq. ft. of surface, Mr. Tudor would use 125 sq. ft. so as to 
prevent what we might call “an over-flow.” The steam that passed 
through the punctured washer was sufficient only to warm a 125 
sq. ft. radiator, to the extent of 100 sq. ft., doing an ordinary amount 
of work and no more. 

That washer and its hole was really Mr. Tudor’s patent. Mr. 
Tudor put this system in the Capitol at Albany and in two or 
three New York buildings and elsewhere, and I certainly consider 
him the pioneer in fractional-valve.systems in this country, except 
maybe Birdsall Holly who used perhaps what is called a needle- 
valve before Mr. Tudor’s time. The needle-valve was a long taper 
plug through a hole in a disc and Mr. Holly used a radiator open 
to the atmosphere. It was made of sheet iron or tin and every 
tube (every element or column of which) had a hole, or at least 
the last tube had a hole, near the bottom. The steam went in at 
the top of the loops and dropped down, expelling the air at the 
bottom hole. I refer to that as being a fractional atmospheric 
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system before Mr. Tudor’s time, but Mr. Tudor was the first man 
in America, and probably in the world, that made the fractional 
system practical. 

The Tudor valves would unfortunately become inoperative in a 
year or two for the reason that he used a thread on the stem of 
the valve as small as forty to the inch, and three-quarters of a 
revolution on this thread was all the lift (or the fall) of that very 
fine thread, that was available. It cut itself out. 

There is in New York to-day at 40-42 Wall Street (the Man- 
hattan & Merchants’ Bank Building) a building designed to use 
Tudor valves, but for some reason Mr. Tudor would not sell his 
valves for the work. Johnson & Morris of New York were the 
contractors. They had to finish the work under their contract and 
they made a valve from the engineer’s drawing. It was “the Hawley 
idea” of the long taper plug running through a long taper hole, the 
hole forming the seat of the valve. The long taper plug was oper- 
ated by a thread of four to the inch, so that for an entire revolu- 
tion of the handle there was a lift of %4 in., increasing the annulus 
around the long taper plug, until the amount of steam necessary to 
fill the radiator was passed and regulated by the friction in the 
annulus. 

In carrying out that work, not having Mr. Tudor’s washers nor 
valves, the question arose: “How are we going to regulate for 
variations from 25 sq. ft. of surface to 150 sq. ft. of surface ?”— 
the range of the sizes of the heaters. Well, it was done in what 
I will call the “seat”; the part of the valve in which this long 
taper plug passed, ran down to a very small hole, say one-sixteenth 
of an inch in diameter or no hole, and only one size of valve was 
used for every radiator. The valve was first calculated approxi- 
mately, and by experiment, the size hole was found that would 
pass steam just sufficient for 25 sq. ft., 50 sq. ft., 75 sq. ft., 100 
sq. ft., 125 sq. ft., and soon up. A nut was then made that would 
screw into every valve alike, when the center was taken out, and 
in that nut, Morse-drill size holes of various sizes were determined 
so that the particular Morse drill for the particular radiating sur- 
face was run through the bottom of the taper seat, thus making 
the limiting hole of the device. That work was done in 1883; 
and it is in operation to-day, with the long plug valve. I refer 
to this building because it is in operation on what may be called 
the Tudor system and it has survived service since 1883. 


Joun F. Hate: Speaking of the discs, or methods of changing 
the orifice, brings to mind the fact that there is a commercial valve 
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on the market to-day which is calculated to accomplish that same 
result and is provided with various sized discs. Last year I was 
out at the University of Nebraska where I visited Professor Hoff- 
man and had a chance to talk with the class in engineering and, for- 
tunately, there was a young man there from this other company 
that handles the valve with the discs. After the talk before the 
students, we had an opportunity to have a little conversation and 
he admitted that their greatest trouble was in the fact that steam- 
fitters in the first place would not put the discs in correctly; in 
the second place, it was difficult to get them to put them in at all; 
and in the third place, if they did put them in, they found invariably 
that where they had trouble, the people would disconnect the union, 
pull the disc out and throw it away, put the valve back again and 
then it was nothing more or less than an opening and was not a 
control valve at all. . 

The last speaker mentioned the fact that sufficient surface was 
put into the radiators by Mr. Tudor to provide against the flow 
of steam into the return and that he would put in a 125 sq. ft. 
radiator where 100 sq. ft. were sufficient. While that happened 
forty years ago, it is strange to say that it is the practice to-day by 
some of the companies who want 25 per cent. more radiation put 
in the radiators in order to overcome that very same difficulty, due 
to the fact that their equipment on both ends of the radiator is not 
correct. 


WitiiaM J. Batpwin: The advantage that this particular valve, 
I described, had was that it anticipated the trouble with the fitting 
not being dependable. In this case one man with his assortment 
of drills went through the building and fixed the limiting hole. 
The drill for 25 sq. ft. was marked 25 and all that the workman 
had to do was screw the guide nut into the body of the valve and 
run the drill for the 25 or 40 radiator through the valve, as the 
case might be, and pass on to the next radiator. 


H. M. Hart: I wrote to the headquarters of the Society a 
couple of years ago and asked if anything had ever been presented 
to this Society that would give the proper size orifice for the so- 
called modulation systems; “what was the limit in the size of the 
radiator that could be fed through a certain size orifice?” The 
reply was that nothing along that line had ever been presented to 
the Society. I have been looking since then to find some actual test 
data and I have not been able to find anything that is very reliable. 

Now, there is either one of two things happening: either the 
manufacturers of these valves are doing a lot of guessing, or else 
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they think they have got something that is a secret and do not 
want to give it out. I do not believe that the same rule would apply 
to all types of fractional valves due to the design of the orifice 
through which the steam is admitted, and due, as Mr. Donnelly 
has said, to the design of the return valve. 

I connected up a 60 sq. ft. radiator in a temperature of 40 deg. 
(in fact it was outdoors) and ran a 2 in. pipe to a receiving tank, 
or expansion tank, with a sensitive pressure regulator on it adjusted 
so as to carry 8 oz. pressure at the inlet of the radiator, a glass 
tube being used for indicating the pressure that we had on the 
supply. The return was left open. We started with a flanged 
union, with a copper disc, by drilling a small hole through it and 
taking records of how long it took to fill that radiator with steam. 
I started with a hole 1/32 in. in diameter and the results were 
hardly perceptible in the radiator. But working from that up to 
an orifice, a round hole in this copper disc % in. in diameter filled 
the 60 sq. ft. radiator with steam in this temperature of approxi- 
mately 40 deg. in 30 minutes—that is my recollection. 


On that basis I determined that the sizes of the valves given us 
by the specialty people were entirely too large for practical pur- 


poses, and cut them down. We used a % in. valve for radiators up 
to 60 sq. ft. I was ready to use it for radiators up to 90 sq. ft., but 
the architect was afraid to take the chance. But that size was 
established on two large office buildings in Chicago, and I gave 
those jobs very careful attention through last winter and at no time 
was there any complaint about the radiators not getting hot and 
getting hot rapidly. I think myself that a % in. valve for a 60 sq. ft. 
radiator is too large for a vacuum modulation system. 

Now, we have a Committee on Tests. I would like to see this 
committee make some tests on fractional valves under various con- 
ditions, using various types of valves, and bring in a report of 
their tests, giving a full description of the manner of making the 
tests. This is something that should be done and I believe that 
this Committee on Tests should be requested to submit, as soon as 
they can, a further report of actual test conditions of fractional 
valves under various conditions. 


Wittiam J. Batpwin: I will say that the engineer of the 
Manhattan & Merchants Bank Building, assumed, in determining 
the size of these little holes, that the steam had a velocity of 900 
ft. a second and the range of holes, as well as I can remember it 
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now, was from about a 1 in. for the smallest radiator, to prob- 
ably 3% in. for the largest radiator. 

One starting to experiment to determine the size of the limiting 
hole would do well to assume a velocity of 900 ft. a second for 
steam passing through a thin plate. He will not have a very large 
error for 1 or 2 lb. pressure. When the density of the steam in- 
creases, of course, more steam will go through the hole, but the 
velocity will not materially increase for low pressure heating or 
exhaust heating. This forms some little data with which to start 
fixing the size of the holes with steam at 1 lb. or thereabouts in 
pressure. This I know from experience. 


R. L. Girrorp: I think at the present time perhaps two dif- 
ferent phases, or two separate and distinct services, are attempted 
in these modulation valves. Some manufacturers are ‘working 
along the line of securing an orifice which, at any given differential 
in circulating pressure, will supply exactly the proper amount of 
steam which will condense in a radiator of a given size, while 
others are only expecting the valve to perform its natural duty of 
controlling the rate of steam supply. If the differential in pres- 
sure and the condensation rate were constant, it would be easy 
to determine the orifice which would just supply the radiator, but 
these conditions change every few minutes; an orifice which will 
just supply a radiator on a mild day and 2 lb. pressure will be 
away short on a cold day and a % Ib. pressure. 

If these varying elements were constant, and the modulating 
valve only supplied as much steam as the radiator condensed, this 
would obviate the necessity of using a trap on the return end of 
the radiator. To actually do this, however, will require an auto- 
matic modulating valve to take into account the varying conditions. 

Now, theoretically, that might be desirable, but back of it all, 
the essential thing is the comfort and convenience of the occupant 
of the room, and it strikes me that where a radiator is equipped in 
that manner, the size of the orifice which would supply the radiator 
throughout with steain, takes too long to heat. 

A person coming into a cold room wants quick action rather 
than a split-hair adjustment on the size of the orifice. In other 
words, the occupants want service, and for that reason perhaps it 
is better to have the modulating valve, or the fractional valve, 
which places the control of the rate of heating and the amount of 
heating of the room easily within control of the occupant, simply 
by moving the handle in one direction to secure more heat and in 
the other direction less heat; and to equip the other end of the 
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radiator, the return end, with the trap which automatically holds 
the steam back in the radiator. That prevents the loss of steam 
into the returns, and that arrangement gives quicker heating, and, 
in fact, gives control of the heating to the occupant of the room. 

It is, of course, a well known fact that even a % in. or % in. 
valve will supply as large a heating unit as you can ever put in a 
room. In other words, for years we have all used radiator valves 
of excessive sizes. That, of course, has been handed down prob- 
ably from the time of one pipe steam practice and to-day prob- 
ably the limit in the size of the supply valve is not the valve itself 
but the size of the pipe and branch supplying the radiator; thus 
in reality %4 in. and % in. valves are large enough for any size 
radiator, except that if a radiator is some distance away from the 
riser, so that the run-off is an inch or even 1% in., perhaps, it 
facilitates connections to use a 1 in. or 1% in. valve. 


Tue AutHor: I do not think that there is anything in as chaotic 
a condition at the present time as vapor and vacuum system inlet 
and outlet valves. That can readily be proven and demonstrated 
because you can consider that the inlet valve varies between the 
widest extremes possible. You can find both gravity and vacuum 
return line systems with inlet valves varying all the way from 
extremely large sizes of gate valves, down to extremely small sizes 
of needle valves, and not satisfied with the smallest size needle 
valve that was ever used, they still further reduce the valve by 
putting a washer or a button in the seat which has a minute hole 
through it. That proves part of the statement, becaxse anything 
which exists with these two extremes must be in an extremely broad 
and, I think, chaotic condition. 

The outlet valves also vary in the same manner all the way 
from a fairly large size union elbow with absolutely no restric- 
tions, as I mentioned in the paper, to the most efficient and modern 
types of valves which give scarcely any opening whatever when 
the radiator is hot, that is, they have an opening only of about 
1/64 in. in diameter that is constantly maintained to let out the 
water and the little trace of air that is present. Now, any two 
devices which vary between these wide extremes must, to my 
mind, be chaotic and the chaos comes when an architect or an engi- 
neer wishes to write specifications fair to everybody, admitting the 
widest and fullest competition. 

I have had many of them speak of this phase of the subiect, 
the difficulty of writing an impartial specification, and I have sug- 
gested as a remedy the specifying of a result rather than a method. 
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The usual course is to specify some particular goods, and when 
they do, they usually specify goods that vary very widely; they 
may vary as widely almost as these valves that I have mentioned. 
But I have seen some of them who had really specified a result 
and then have had the further task, which none of them relish, of 
going over the things submitted by the contractors and having the 
danger as well as the hard work of deciding whether the device 
submitted will produce the result. Consulting engineers do not 
fancy that task because it is considerably more than double work 
and only those looking for work perhaps will attempt it in any 
degree. 


The use of small sizes of valves in this line is, as I mentioned 
to one member to-day, about the last stand of high velocity in 
heating apparatus, and it is a good thing to look at things in a 
broad phase sometimes. At the time Mr. Tudor put in these 
plants, or shortly previous, we used small pipes and we used smail 
valves so that they are nothing new, and we used high velocities. 
We are gradually increasing the sizes of the piping and of the 
valves; our boilers are almost the same size as they were. But, 
to my mind, about the last stand of high velocity is through these 
little valves. And I am wondering whether we will continue to 
use high velocity there, and perhaps we will go back to high velocity 
again. We often swing back in our practice to things we have used 
before and discarded. Perhaps we will increase the sizes and lose 
the high velocity we are using and go to low velocities. 


Mention has been made of increased amounts of radiation; and 
we run across that question because some architects and owners get 
the idea that with the vapor system, a large addition in radiation 
is necessary. I think that some of the practice of using the larger 
amount of radiation has been brought about by the desire of com- 
pelling people to modulate the radiator. If you have a modulation 
system, make the man use it. If you put in 125 or 150 sq. it. of 
radiation where only 100 sq. ft. is needed in zero weather, an 
occupant of the room must either open all the windows or modulate 
the radiator even in zero weather. In moderate weather he has 
to start on modulation and turn down, and he is not interested in 
how long it usually takes to heat the entire radiator, or even the 
major part of it, because he does not want it heated. 

One other reason in gravity systems for increasing the amount 
of radiation is to help the damper regulation. I have seen many 
plans, and I think we have all run across them, where a building 
might require 1,000 sq. ft. of radiation and 1,200 or 1,300 sq. ft. 






466 Discussion oN DesicN AND OPERATION OF FRACTIONAL VALVES 


was specified. The boiler, however, is only the right size to run 
1,000 sq. ft. The results are very good as far as the man who made 
the valves and sold the plant is concerned, but if all the radiators 
are left with the valves wide open you cannot keep pressure on 
the boiler. Therefore, you cannot make the plant inoperative 
because of objectionable high pressure. Again, where the radia- 
tion is all throttled and the pressure tends to run up because 
of a catch or hitch in the damper regulator, if the radiation is 
more than necessary, as the pressure goes up, more steam is 
forced into each radiator, which tends to keep the pressure down, 
therefore excessive pressure will not occur. 


Concerning the regulation of these valves and the use of various 
devices suited to different size radiators, I have had steam-fitters 
working for me in New York who worked for Tudor and I have 
talked with them about their experiences. They said that with a 
small building they did not have so much trouble; they coull get 
along with them and in small buildings there are to-day many of 
these systems that work very good, but where you get 200 or 300 
or 500 radiators, as they have had in some of these buildings in 
Wall Street, it is different. I have talked with men who worked 
on these buildings and who regulated the valves, and they said 


they would not get around to make the complete circuit before 
they had to start all over again and then if they were away from 
the building a few days, some complaints might come in, where- 
upon the operating engineer would immediately go to the radiator 
and open the adjustment to its widest extent. Thus they said, the 
office was almost driven crazy by the additional expense and the 
necessity of sending men back. 


It would perhaps be possible to regulate those things in France. 
When M. Beaurrienne was over here, I asked him how they did 
it over there; he said, ‘““We do not do it as well now as we used 
to,” and his explanation was that they had not the old, conserva- 
tive workmen they used to have. Due to the growth of the busi- 
ness, and lots of young men coming in, mechanics, steam-fitters, 
engineers, of various kinds, due to the pressure of getting the work 
finished, they used a very small fraction of the care that these old 
and stable houses used some years ago. And so the “system atmos- 
pherique,” as he called it, or the continental system, was not in 
his opinion giving nearly as much satisfaction as it used to. 

We have heard to-day from one or two members about the %4 
in. valve being enough for 80 or 150 sq. ft., but I have rated a 
Y%, in. valve to 20, and a % in. to 40 sq. ft. and then I have had 
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the architect make a specification and cut the %4 in. valve down to 
15, and the 34 in. valve down to 25 or 30 sq. ft., because they 
have that universal distrust of any man’s rating upon any device 
he is interested in. 

No doubt he is warranted. Yet, when a conservative list is pub- 
lished through this Society it should be accepted with confidence, 
and I would like to build up some of that confidence, so that any- 
one can come to the discussion of the Heating Engineers and have 
a little more confidence in what he finds there. 


WitiiaM J. Batpwin: One thing that is lost sight of is, what 
amount of steam passes the valve. A ™% in. valve, with 2 Ib. of 
steam on one side, and atmosphere on the other, will pass a great 
deal of steam. But, in a gravity apparatus that is not the con- 
dition we have to meet. We require valves large enough to trans- 
mit the steam; not only valves but pipes sufficient to carry the 
steam from the source to the radiator, and into and through the 
radiator, and down and into the point of delivery (the return 
pipe). We must have them so large that they will pass the steam 
with an infinitesimal loss of pressure from the source to the 
receiver. 

It is then to determine what the loss of pressure will be, that 
determines the size of the valve. It is not what steam will pass 
through the valve under a 2 Ib. difference of pressure, but under 
an infinitesimal difference of pressure. One drawback to a frac- 
tional system is that, when the radiator is cold, and you turn it on, 
you have not only to overcome the normal condensation, but have 
to heat up the iron and the cold room for the first half hour, and 
to the person who is designing a fractional valve system it would 
be worth taking into consideration, that the orifice just big enough 
to maintain the radiator, when it is established, is not big enough 
to warm a cold room in a short time, and the person who invents, 
should have some means of having two sizes of orifices; one for 
the emergency, and the other for constant use. 


FRANK K. Cuew: I think the reason that the Committee on 
Tests has not had more support, is because it has not laid out the 
plan or specification for testing any one particular thing, whether 
that is a boiler, a temperature regulator, a pipe capacity, steam 
trap, or what not. Conditions vary, but that is no reason why the 
Committee of Tests shall not make a specification that a certain 
apparatus shall be tested in a certain way, and give a diagram of 
how the different fittings shall be arranged to do it. Then, if the 
conditions vary, let them be taken into consideration and the second 
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step on conditions, giving a diagram of whatever is necessary in 
arrangement, and blanks for keeping records and observing ex- 


pected variations. 

I have been saying this thing for a good many years in the 
Society, and I believe I am right. In the first place, the Committee 
on Tests could not do anything, because it did not have any money, 
and then, in the second place, it could not do anything because it 
did not show any disposition to formulate plans for doing any- 
thing. Each Committee said it could not be done. Later records 
show that things have been done, and there have been records of 
tests sent to the Society, in papers by different men, which demon- 
strate that I was right in the first place. 


I do believe, whether it is one class of apparatus or another, 
that it is well within the function, and I am not so sure it is not 
the duty of any man who accepts appointment on the Committee on 
Tests, to realize, “Now, I know about this line of work, and I 
will get up the plans and specifications, and the necessary diagrams, 
to cover all the variations, so that that thing can be tested.” After 
you get that, the man out in San Francisco, or up in Minneapolis, 
or wherever he may be, who wants to know something and has no 
data, and has got to know it, because he is the engineer on some 
piece of work, goes to the Committee on Tests’ methods, and can 
accomplish something. 

I am going to be persistent enough about this to recommend it 
until something is done. I am going to insist that I believe the 
Committee on Standards has been a little bit lazy in not finding 
out what would be the proper thing to do. It should be decided 
among the members, whether or not it is justifiable. The Com- 
mittee on Tests shall lay down how you shall find out whether you 
need this size, that size, or the other size of something, to pro- 
duce a certain result. I believe that is well within their function. 
I believe that, to the extent that I secured action at one of the 
Annual Meetings of the Society, on a proposition that one-half of 
the initiation fees should be set aside and divided into two funds, 
one for a reserve fund, and the other a research fund. Up to the 
present time the Society has been so poor that it could not afford 
to do that; it needed the money that came in the form of initiation 
fees, to keep the Society running. I expect to live to see the day 
when there will be funds available to have engineers work with 
the Committee. If we hire some one man to do the work, and 
the Committee works with him, the members do not have to give 
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all their time, but some engineer has to be ready to conduct the 
tests. 

Here I want to inject another subject, if I may. There has come 
to me from different sources, the suggestion that a certain portion 
of the dues of the Society revert to the local Chapters, to conduct 
their meetings. Some say that in other societies that is done. 
Those societies are said to bear a proportion of the expense of the 
Chapter. I wart to point out that this Society is not yet rich 
enough to afford to do it, and neither do I believe it would be 
just to do that, for this reason: At the present time, in our 
Chapters there are less than 250 members, and the total member- 
ship is 700 members; 250 from that leaves 450 members who are 
isolated, so that they cannot readily get to Chapter meetings. 
Why should they be forced to pay to the support of the Chapter? 
I cannot quite see where that would be fair to the isolated member. 
He cannot get the benefit of association with the Chapter, and yet 
he pays dues to keep the Society going. 
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etc., are at present directed mainly to securing good atmo- 

spheric conditions within our various buildings, but hand in 
hand with these activities are those directed toward the prevention 
of undue contamination of the city atmosphere itself. The latter 
activities seem for the present to be confined mainly to avoiding 
the cinders and ashes from the smoke flues of our large manufac- 
turing plants, but unquestionably they will be extended in the 
future until they include odors from automobiles and the like. 


q “HE activities of many of our Commissions, Municipal Boards, 


The problem of dust nuisance from a large power station has 
already been discussed in our proceedings in January, 1915 (see 
the Transactions, Vol. 21, page 232). 

The object of this paper is to describe a simple apparatus for gen~ 
erally minimizing the dust nuisance from a typical isolated plant, of 
which there are many hundreds in operation in every large city. 
Engineers may well consider that the amount of cinders from 
power and heating boilers is greatly increased if a high rate of 
combustion per square foot of grate area becomes necessary. Simi- 
larly, an “‘over-loaded” condition of boilers means in almost all cases 
more dust and cinders. 

In the case in question which represents good average isolated 
plant practice with an ordinary rate of combustion upon grates 
intended for the small sizes of anthracite coal, a number of com- 
plaints had been made by neighboring building owners of excessive 
cinders emitted from the chimney of the power plant. The com- 
plaints became so insistent that the Health Department finally 
ordered that something be done to prevent the excessive deposition 
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of cinders in the neighborhood. The result was the installation of 
a cinder collector which was erected at the top of the smoke flue 
as the simplest and best means of avoiding the nuisance. 

The cinder collector consists mainly of a large settling chamber 
which is fitted with a set of baffles so arranged as to extract the 
maximum amount of cinders without creating an undue resistance 
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FIG. 1. DETAILS OF CONSTRUCTION OF CINDER COLLECTOR. 


of the flow of the gases. The general scheme of construction is 
shown in the plan and section views in Fig. 1. 

The apparatus has now been in successful use for several months. 
The cinders are removed once a week from the hoppers below the 
settling chamber by means of the bottom cleaning doors shown. 
The actual amount of cinders obtained varies greatly with the 
amount of coal used, as well as the percentage of ash contained 
in the coal. Ordinarily about 5 cu. ft. of cinders are removed 
weekly from the collector. This would not seem a large amount, 
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but the writer believes that investigation would show that this 
comparatively small amount of cinders would become quite a nui- 
sance over a large area. The 5 cu. ft. would cover an area of 
6,000 sq. ft. with cinders 0.01 in. high in one week’s time. Such a 
layer of dust covering an area of 75x80 ft. would prove unques- 
tionably most annoying, because a thickness of 0.01 in. of dust is 
more than ample to be very annoying. 

It is to be hoped that the commendable effort made by the Health 
Department in this particular instance will be followed up in other 
cases, because the benefits which can be secutud by keeping the 
city air in our crowded manufacturing and business districts gen- 
erally as free from cinders as in the residential suburbs, will prove 
a boon to all who have to work and live in large cities. The writer 
is aware of one case where cinders from a chimney one mile away 
and in another case from’a chimney two miles away, are plainly a 
nuisance. 


DISCUSSION 


WitiiAM J. Batpwin: I have been working on the dust ques- 
tion for a number of years and what I would like to get from some 
member of the Society or from some of our guests, would be 
a reliable method of measuring dust in the air. I have had research 
work under way now for a long time, and while I can get some 
kind of comparative results by observation, I would like to be able 
to determine the number of grains to the cubic foot, or the frac- 
tion of grains to the cubic foot by a standard method. Some of my 
measurements seem to indicate as high as four grains of cinders will 
go out of the top of a chimney per cubic foot of gas. This is 
excessively high, but one-tenth of a grain is very common. If there 
is anybody present that can suggest a method, I will be very glad 
to hear it. 

In a chimney, in which there is a separator we put a blade 6 in. 
wide by 2 ft. long, through a hole, and keep it there, say five sec- 
onds, and then withdraw it. When that is done, in another hole in 
the flue beyond the dust separator, we introduce a second blade of 
similar size. These blades are covered with an oil that takes about 
700 deg. to evaporate. The dust sticks to the blades; we then wash 
the oil off the blades, in a benzine tank like a sword sheath and 
filter and dry the results and weigh them. This gives us our com- 
parative results, but our problem now is to determine the actual 
quantity of dust per cubic foct of air or gas. Although I have 
worked on that question a number of years, I am not able to answer 
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it very decidedly, because such a little thing in manipulation will 
throw a cloud on the record. 

I know of chimneys in New York, that are putting out a ton of 
ashes every hour (24 tons of ashes in a day) and I am working 
on this matter as an engineer. We have got to take out 95 per 
cent. of the ashes, to satisfy the Board of Health of the City of 
New York. The ashes are so fine that 45 per cent. will go through 
a 200-sieve. A sieve 150 to the inch will pass 60 per cent. of it. 
The remainder is the cinder that falls on the roofs. 

I have a little machine here that I have been working on, to 
catch this dust and if the members care to witness it I will give a 
demonstration. I have a sample of the dust that I am recovering 
from smelters, which is valuable dust as it contains gold and silver ; 
these people will lay out money to recover this dust because it is 
valuable as a by-product. 

I will explain the method from this working model and will pass 
the dust through the machine. I will assure you, we will catch 
the dust that we feed into the apparatus though the air passes 
freely into the room. It is to show you what can be done, mechani- 
cally, without the use of water, by a process we have been devel- 
oping. 

(A demonstration was given by Mr. Baldwin of a small motor 
driven apparatus that was effective in removing dust from the air 
in quantities. ) 


L. C. Soute: I think Mr. Hogan may give some information 
on the weight of smoke and dust contained in chimney gases. He 
has worked with an apparatus for washing gases and may have 
some data with him. 


Tue Presipent: Mr. Hogan, have you anything to say in ref- 
erence to the dust removal from smoke ? 


E. L. Hocan: Is it a question of measuring the quantity of dust 
in the air? 


Tue Presipent: No, it is not a question of measuring the 
quantity; the paper is on the removal of dust. The question of 
measuring the dust in air, I think, is an entirely separate proposition. 
This is a question of the removal of the dust, such as cinders, etc., 
from chimneys. 


E. L. HocGan: About four years ago in conjunction with an engi- 
neer in Chicago, I designed and constructed a machine for washing 
smoke from chimneys in order to remove the soot and ashes. In 
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our experiments we found that most of the dust that came out in 
the gases due to the draft and their lightness, was in the form of 
ash. There was more dust taken out in this form than in the form 
of carbon or soot. We did not attempt to measure the exact quan- 
tity of dust, but we did accomplish its removal. 

At that time, the theory of removing dust from gases was to 
bring the gases into contact with water and we found that suf- 
ficient space was not available in the average city power plant to 
provide sufficient water surface . We finally decided that in order 
to provide the necessary surface we must rotate wet surfaces and the 
apparatus was designed with rotating members, these members 
being constructed in the shape of disc fans. There were a series 
of these members with the water admitted between them and at the 
center the centrifugal force due to rotation, created a flow of. water 
over the members. By rotating the members rapidly we obtained 
a large amount of wet surface of contact for the size of the equip- 
ment and actually removed the ash and carbon from the gases. 

The apparatus had to be constructed of acid proof material and 
on account of the high cost of an equipment, nothing has been 
done with it. The machine was actually constructed, operated, and 
is still in existence. The main requisite was to obtain a large 
amount of wet surface of contact, which would be self-cleaning. 

The amount of power required to wash the gases was small. No 
attempt was made to measure this quantity per 1.000 cu. ft. per 
min., nor was any attempt made to measure the exact quantity of 
dust in the gases. We simply tried to perfect apparatus to remove 


this dust. 
H. M. Harr: Was there an induced draft with these fans ? 


E. L. HoGan: They were not exactly fans but were small mem- 
bers, set in a row, and at an angle so that they resembled a disc 
fan blade. In rotating, they not only passed through the gases but 
also created a draft sufficient to overcome the resistance of the 
machine. These rotating members were self-cleaning and in rotat- 
ing rapidly through the gases, their wet surface presented a large 
amount of surface of contact. 

We never collected very much data but did demonstrate what 
could be accomplished in washing gases, and further that in so-called 
smoke, more dust was in the form of ash than carbon. 


Pror. Joun R. ALLEN: Some years ago we developed a device 
for washing smoke. We placed a large chamber in the breeching 
of the boiler, and with a series of water sprays in the chimney, 
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we succeeded in removing a great deal of carbon from the smoke. 
But, unfortunately, the top of the stack looked just the same. 
There was hardly a perceptible difference. 

The water that came out was practically mud, which simply went 
to show that what we see in smoke is a multitude of very fine par- 
ticles of carbon, and that the larger particles are not apparent. The 
device which we had for washing would take out the larger par- 
ticles, but not the fine particles. That has always seemed to be 
the great difficulty with any device for washing smoke. 
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FIG. 2. CINDER COLLECTOR ARRANGED IN BREECHING. 


H. M. Hart: Would not the water spray tend to cool the gases 
and interfere with the draft? 


Pror. JoHN R. ALLEN: We had an induced draft. 


E. L. Hocan: I might add that the Lake Shore R. R. has at 
its Englewood-Chicago roundhouse a smoke washing device. After 
having set up an experimental outfit at their Elkhart, Ind., shops on 
one locomotive, they equipped the entire Englewood roundhouse. 
In this instance they discharge the gases into a tank of water about 
8 or 10 in. under the surface and admit steam into the discharge 
pipe in order to form small bubbles in the water; in this way the 
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gases are broken up into small bodies and thus present a large 
amount of wet surface. The steam is necessary to do the washing 
and in a considerable quantity. The gases have to be delivered at 
over 8 to 10 in. pressure to overcome the resistance of the water 
and the remainder of the system and this, together with the steam 
required, makes it an expensive system to operate. It does, how- 
ever, remove the dust or dirt from the smoke. 


H. M. Hart: I will give an illustration of a simple device that 
has been installed in Chicago (Fig. 2). It consists merely of an 
inclined baffle in the breeching at the connection to the base of the 
stack. 

It was a plant running four 200 h.p. boilers, and I think that the 
engineer told me that he took ashes out of the base of the stack, 
amounting to pretty nearly a ton a week—just cinders from that 
baffle. This shows that a very simple device can be installed, that 
will materially assist with the removal of heavy cinders. It does 
not clear the smoke, but it takes out the cinders, and the results on 
the roof of the building were very apparent. It did not seem to 
interfere with the draft. 























No. 418 
COMMERCIAL DRYING APPARATUS 


By L. P. Dwyer,* Cuicaco, ILL. 


Non-Member 


HE subject of drying to the heating and ventilating engineer, 
T is in importance probably second only to that which his title 
implies. Being a kindred subject and a necessary process in 
the manufacture of a great variety of materials, it is a highly inter- 
esting and remunerative field. The field is large and the require- 
ments diversified; fully 75 per cent. of all manufacturing plants 
have occasion to use drying apparatus of some sort, the variation in 
the nature of their output requiring individual design in practically 
every instance. 

The materials to be dried are as varied in form and nature as 
is the relative importance of the drying process. In the manu- 
facture of some materials, the drying process determines more than 
any other the grade of the finished product, while in others the dry- 
ing process may be of value only in decreasing the cost or time of 
manufacture. 

While drying apparatus, as treated in this paper, will be consid- 
ered to refer to equipment wherein the moisture is absorbed by air 
currents, there might be mentioned several types of apparatus 
employed in some cases where the free moisture content is exces- 
sively high. A press is sometimes used, the material being placed 
in a cylinder and compressed by a piston, forcing the moisture 
through openings provided for the purpose. The centrifugal bowl 
is a device serving a similar purpose; the product is placed in a 
bowl so arranged that when the bowl is revolved, the entrained 
water is thrown off by centrifugal force, the product itself being 
retained by a perforated plate or screen. Another method some- 





* With B. F. Reynolds & Co., Chicago, II. 
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times used is that of absorbing the moisture with some other sub- 
stance; an illustration of this method is found in a plant manu- 
facturing brass name plates. The lettering is inlaid on the plate by a 
chemical process and the plate washed with water ; the water which 
does not drain off is absorbed with sawdust. 

The field for such apparatus is, of course, limited to such mate- 
rials as this method of treatment will not damage, and in most 
cases, only a portion of the moisture is removed, but economy of 
operation recommends such a device when it can be used. 


DESIGN 


The design of a dryer is dependent almost entirely upon the 
nature of the material to be dried; its size and form will determine 
to a great extent the method of handling or moving, and its physical 
construction and component parts, the temperature and condition 
of the air in the dryer—while all factors govern to an extent the 
time required for drying. 

The temperature and condition of the air best suited to a given 
material should be determined by experiment. It may be found 
that the temperature and humidity should vary during the process 
in order to produce the best results. The author has in mind a 
food product, which, after being left in the dryer for about two 
hours has a tendency to become coated, thereby preventing the inner 
moisture from coming to the surface. To overcome this, the mate- 
rial is transferred for a short time toa room where the air is prac- 
tically saturated and again placed in the dryer. This method pro- 
duces a firm product, uniformly dried. It is reasonable to suppose 
that the same results could be obtained by re-circulating the air in 
the dryer, but the facilities at the plant in question will not permit. 

An arrangement for the re-circulation of air will be found to 
be of value in almost every drying installation. With many mate- 
rials, such as lumber, the product should be heated to a uniform 
temperature before any material drying takes place. This is accom- 
plished by re-circulating all the air when the apparatus is started 
and gradually decreasing the relative humidity of the air entering 
the dryer as the process progresses. It will sometimes be found 
that the air is being exhausted before reaching a relative humidity 
consistent with efficient operation. Such a condition is usually in- 
dicative of improper circulation of air in the dryer, excessive velocity 
or volume, or lack of sufficiently intimate contact between the 
material and air currents. This condition cannot always be avoided, 
but a considerable saving in the cost of heating will be effected by 
re-circulating a portion of the air. 
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The temperature of the air in the dryer is usually the maximum 
to which experiment has shown the material can be subjected. 
Because of increased capacity for moisture absorption, the required 
volume of air is lowest at this point, and the size of the apparatus 
at a minimum. In most cases the cost of operation is also less than 
with a low temperature and a proportionately increased volume. 
An accurate determination of the moisture contained in the 
material is essential. An average condition of the air entering the 
heater is assumed, and its relative humidity after heating deter- 
mined. Knowing the moisture content of the air entering the 
dryer, and assuming what it may reasonably be expected to reach 
in passing through (usually from 60 to 75 per cent. of total satura- 
tion), the required volume can readily be determined. Sufficient 
allowance must be made for heat losses by radiation, and for the 
heat required to raise the temperature of the material and other 
apparatus in the dryer. 
HANDLING MATERIAL 


The method of handling the material in the dryer is of the utmost 
importance. Wherever possible a progressive type should be used. 
In this type the operation may be called automatic, and with a 
uniform product following the same course through the dryer, a 
uniform result is more certain. Provision should be made to keep 
the product in constant, intimate contact with the drying element, 
the facilities for which are apparent in the progressive type. Since 
most drying apparatus is a process in the manufacture of a product, 
it should be designed to operate in harmony with other manufac- 
turing equipment. There are a great number of materials which 
can be dried successfully without any handling or attention, and 
the saving in labor and dependability of a progressive dryer as 
compared with other types will warrant an increased initial cost. 
There are some materials, which, because of their bulk or length 
of the drying period, cannot be handled in this way. 


ROOM TYPE APPARATUS 


The most common form of dryer is that in which the material 
is placed in a room or kiln. It is usually loaded on trucks or trays 
to facilitate handling, and currents of air passed through the dryer. 
A blower is usually provided for air supply, but in some cases the 
supply is by gravity only. The heating apparatus is usually outside 
of the kiln proper, all of the required heat being provided by the 
heated air. In the gravity type, the heating coils are in the kiln. 
Lumber, and most heavy, bulky products are usually dried in this 
way. 
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The spray process of milk drying operates on lines somewhat 
similar. The milk is condensed to about one-fifth of its original 
bulk in a vacuum pan, an apparatus in which the water is evaporated 
at a comparatively low temperature because of the vacuum (the 
low temperature being necessary to prevent coagulation). It is 
then pumped into the kiln at a point near the ceiling through atomiz- 
ing nozzles at a pressure of about 800 Ib. The air (at a tempera- 
ture of from 250 to 350 deg. fahr.) is admitted at a point ‘near 
the ceiling and exhausted at the floor line. Considerable difficulty 
has been experienced in preventing the dry milk powder frum being 
carried off with the exhaust air. A rotating cylinder covered with 
cheesecloth, through which the air must pass, has been used, but 
has not been found to be entirely satisfactory. The author under- 
stands that a more efficient method is now in use whereby the 
powder is made to adhere to electrically charged wires, but is not 
familiar with the details. 

Milk is also dried by a process of evaporation with direct heat. 
It is placed between the walls of a steam-jacketed cylinder, the 
solids forming a cake or crust on the cylinder after the water is 
evaporated. While the cost of production by the latter process is 
unquestionably less, a comparison of the products of the two meth- 
ods is interesting: That produced by the spray process has a soft, 
velvety consistency and is readily dissolved in cold water, while by 
the cylinder process, the product is coarse, rather gritty, and not 
nearly so soluble. The demand for the powder made by the spray 
process is greater and the market price higher. 


PROGRESSIVE APPARATUS 


Among the varied types of progressive apparatus, the conveying 
belt or screen is well adapted to some materials. The product is 
fed to the belt as it enters the dryer and carried through to the 
dry end. If possible, the belt should be built of perforated mate- 
rial, and the mesh made sufficiently fine to prevent the material 
dropping through. The efficiency of the dryer will be materially 
increased over that where a solid belt is used because of more 
intimate contact with the air currents. The belt is usually endless 
and built in several sections, one above the other, the upper belt 
discharging on the one immediately below. This has the advantage 
of decreasing the length of the dryer and of changing the position 
of the material. This type of apparatus is also well adapted to 
materials requiring a variation of air condition during the process, 
as each section of belting may be separately housed and a dif- 
ferent air condition provided. 
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An apparatus somewhat similar is that of an inclined tray or - 
screen of considerable length, the angle of the incline being insuf- 
ficient to permit the material to slide by gravity. A reciprocating 
motion is imparted to the tray by means of an eccentric attached 
to a line shaft, the motion applied being sufficient to advance the 
material at a uniform rate through the dryer. 

For materials in small units which massing to a limited extent 
will not damage, the revolving drum or cylinder is ideally suited. 
An excellent illustration of this apparatus is that employed for 
drying garbage, which is a part of the process of reducing the 
garbage for the oil it contains. The drying drum is built of steel 
sheets, its diameter and length being dependent upon the quantity 
to be dried in a given time. The drum is set in a brick housing 
and slightly pitched. Ports for the admission of air are provided 
along the drum, so designed as to retain the material when in motion. 
The inner circumference of the drum is fitted with a number of 
baffles or cascaders, extending from the feed to the discharge end. 

Before entering the dryer, the surplus moisture is drained off 
and the product chopped to a comparatively uniform size. The 
garbage is then fed to the drum by a conveyor, the rotation of the 
drum causing the baffles to pick up the material and drop it gradu- 
ally as the angle of the baffle to the perpendicular decreases. This 
method insures a practically constant stream of the material over 
the entire area of the drum, and insures excellent contact with the 
air currents. The dried garbage falls from the drum at the end 
into a conveyor which removes it from the dryer. 

Heat is provided by a furnace from which the gases pass into 
the chamber below the drum. Doors are provided in the brick 
housing through which air is admitted and mixed with the furnace 
gases. The mixture enters the drum through the air ports at a 
temperature of about 400 deg. fahr., and is drawn through to the 
feed end by a blower and exhausted. This method of heating can- 
not, of course, be used with any material which contact with the 
furnace gases would injure and an indirect method of heating 
would then be used. 


. ; AN APPLICATION 


A food product of a rather delicate nature was successfully 
dried with an apparatus using drums for moving the material. The 
drying period was about ten hours, eliminating the possibility of a 
progressive type. The apparatus used was a number of drums 
walled with screens in which the material was placed. All of the 
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* drums are filled before the plant is started, and unloaded when the 
product is dry. Because of the peculiar nature of the product, it 
could not be cascaded in the drums, and to avoid wearing the sur- 
face as much as possible, the drums had to be turned very slowly, 
the speed being one revolution in six minutes. 

The driving mechanism was quite a problem, as the ratio in speed 
between the motor armature and the drum shafts was 9000 to 1. 
The reduction in speed could easily have been made at the motor 
with internal gears, but the size of a main shaft to take the entire 
load at the reduced speed would have been prohibitive. Also, be- 
cause of limited space, countershafts were out of the question. 
The mechanism as installed consists of a back-geared motor driving 
a main shaft at about 60 r.p.m. The driving end of each of the 
drum shafts (fourteen in number) is fitted with a worm gear, a 
speed reduction also being effected between the worm gear and 
the line shaft. In this way, but one counter shaft of a nominal size 
was used. 

Air was supplied by a system of ducts placed over the drums 
and mechanically exhausted through ducts underneath. The air 
was heated by steam coils, provision being made for re-circulating 
any portion. 

This plant is a typical illustration of the great commercial demand 
for apparatus of this sort. It replaced a crude apparatus designed 
by the manufacturer, whose knowledge of the subject consisted 
solely of the results he wished to accomplish. In this connection, 
it might be well to state that his knowledge was concise and very 
clear—to himself; the difference between the product dried under 
different conditions would hardly be apparent to one unfamiliar 
with it. Such a condition precluded the possibility of a specific 
guarantee of results by the engineer, so the plant was somewhat 
in the nature of an experiment. An idea of its value may be had 
when consideration is given the fact that thousands of dollars were 
invested in the apparatus. 

The drying of a number of products presents problems somewhat 
similar; an apparatus may be built which will remove the moisture, 
but in such a way as to be detrimental to the product. Manufacturers 
having had experience with apparatus of this sort are naturally 
skeptical, and apt to revert to the slow, crude method of drying 
under natural atmospheric conditions. When they are made to 
realize that drying apparatus is not necessarily a dispenser of in- 
tense, dry heat, but one in which any reasonable atmospheric condi- 
tion can consistently be duplicated, the field of the heating and 

ventilating engineer will be materially broadened. 
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DISCUSSION 

A. S. ARMaGNAC: An inquiry came to us a short time ago 
from a man engaged in drying work regarding the capacity of a 
blower to deliver saturated air; that is, whether in drying work, it 
is possible for the air to absorb more than 50 per cent. of the 
moisture as it passes over the article being dried. He said that 
in his experience, air forced through a blower cannot be made to 
carry a humidity much in excess of 50 per cent. of saturation. I 
would like to ask some of the fan men whether this agrees with 
their experience. 


Frep R. Stitt: I know a blower will deliver just as much satu- 
rated air as it will if the air is dry. There is no question about 
that at all. Air is seldom more than 98 or 99 per cent. saturated, 
so that to all outward appearances, it simply is air, that is, there is 
no entrainment or free water. Because air is saturated or nearly 
saturated, has no effect on the fan. 

On this topic of drying, I wrote a letter to Secretary Obert and, 
in fact, I discussed the matter with him some months ago, when 
he was here in Detroit. I told him I did not believe that the engi- 
neers of this Society fully appreciated what the future has in store 
for them, and they should devote more attention to the study of 
drying, or specialize more on it. There is hardly anything that is 
manufactured such as paints and varnishes, rough products of all 
descriptions like lumber, bricks, etc., all sorts of foundry mate- 
rials, almost anything you can think of but what requires drying— 
except, perhaps, metals and there are even a great many of them, 
too, which are in pulverized form, that have to be dried during 
some part of the process of manufacture. _ 

Drying offers one of the largest fields to the engineer; yet I 
think I might say from personal observation that the average engi- 
neer who calls himself a “Heating and Ventilating Engineer,” and 
who should know all about it, knows little or nothing about it. 
Every day we see things done by engineers which are positively 
absurd, either failing entirely in what they are aiming at, or they 
go about it the wrong way. We know this from our own experi- 
ence. 

The regular lines of heating and ventilating have been pretty 
well thrashed out and are reduced down to standards very much 
on a par with steam engineering, but drying is not so; hence, it 
seems to me that the Universities should pay more attention to it 
as a part of the education of men who intend taking up the Heating 
and Ventilating branch of Engineering. 
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There are immense fields for the drying engineer in foreign 
countries, some of them not being exactly ripe yet, but the time 
is coming when there will be a vast field for inventive talent and 
the practical application of the established principles which are 
commonly applied in successful drying to-day. 

As I said before, the principles of drying are not understood by 
the majority of engineers, and I think that this being such a fruit- 
ful field for study, that it is a subject for a great many discussions 


in this Society. 


H. M. Hart: There is no question that what Mr. Still has 
brought out, is a fact. Even Mr. Dwyer, who writes this paper, 
claims that his results are mostly obtained by experimentation. He 
does not know what results he will get when he starts out on a 
proposition, as there is no authority he can refer to; and he has 
succeeded in getting some very good installations, getting good re- 
sults, but it is only by experimenting with the proposition, and 
working it out, correcting his mistakes as he went along. 

I believe there are a great many others that are doing the same 
thing, and perhaps if we could get more papers on commercial 
drying, it might bring out some information that would be of value 
to all of us, and would increase the field of that work. There is a 
demand for it, and since the war there is a demand that cannot be 
supplied. People have come to us with propositions for drying 
dyes, and all kinds of things that we don’t know what to do with. 
We could not handle them; we don’t know what to do. We have 
done some experimenting, and I think that everybody in that line 
of work is getting up against those problems. Let us bring some 
of those problems up here, and give some graphic descriptions of 
how they were solved. There is a great field for advancement in 


the science of drying. 
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No. 419 
HEAT TRANSMISSION CALCULATIONS 


By ArtHur K. Ones, New York 


Member ° 


~\ OME papers recently read before the Society and the result- 

ing discussions, have brought forward in a conspicuous man- 

ner the difficulties and inconsistencies that exist in determin- 

ing the amount of heating surface that would be necessary to heat 

a certain room under otherwise equal conditions. While we may 

rightly consider that we are far from agreement in determining the 

exact allowances to be made for window leakage, we should, nev- 

ertheless, by this time have accepted standards for heat transmission 

coefficients. A statement made at our recent Annual Meeting in 
regard to this matter was substantially as follows: 

“They have one advantage in some foreign countries that we do 
not have here and that is an accepted set of standards of heat trans- 
mission coefficients. If an engineer can prove that his surfaces are 
computed in accordance with the standards, he cannot be sued for 
damages, because the fault must then be in the building construction.” 


Some of the members discussing this matter thought it might be 
instructive and interesting to follow along this line and try to inter- 
est a number of heating engineers and have them state the results 
in calculation of a simple heat transmission problem such as is met 
with in every day practice. Some twenty-five heating engineers, 
members of the Society, were invited to state the heating surfaces 
which they would place in the rooms shown in detail in the accom- 
panying diagram, Fig. 1. Of the 25 engineers, only seven have re- 
sponded for which they are entitled to a certain amount of thanks 
for the trouble they have gone to. It is to be hoped that on reading 
this paper, a number of other engineers, even though not invited, 
will state in writing the results of their calculation of this problem, 
so that their results may also be discussed at the Annual Meeting. 


_ Presented at the Semi-Annual Meeting of THe American Society or HEeatinGc anv 
VENTILATING ENGINEERS, Detroit, Mich., July, 1916. 
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It was first intended to have the members state the heat transmis- 
sion coefficients which they would use in these various forms of 
building construction, but on further consideration it was thought 
best to request a statement only of results, and then to tabulate them 
in such a way that at present only methods will be shown, instead 
of details of coefficients. The result of the various answers are 
tabulated in Table 1. It will be seen that they vary a great deal in 
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FIG. 1. TYPICAL OFFICE ROOMS FOR HEAT TRANSMISSION PROBLEM. 


view of the small amount of heating surfaces required. It seems a 
pity that we have no accepted standards for determining that part 
of the work which is of vital importance to the heating engineers. 
There would seem to be no more reason for any variation in deter- 
mining heating surfaces than there would be in determining the vital 
parts of an engine, a boiler, a dynamo or other form of mechanism. 

The Society has at present a Committee on Standards whose 
activities, judging by the proceedings, have not been extensive for 
the reason that nothing has been published on the work of the Com- 
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mittee for some years past. Again we have the Committees on 
educational matters. But if any member of the Society should be 
commissioned to suggest heat transmission coefficients, he would 
figure out his own methods, and the possibilities would be that few 
other engineers would follow them, preferring to use their own 
methods instead of using methods that had not been tried by them 
or by any others in their locality. It is thus plainly to be seen that 
before the Society takes up the educational work, it should estab- 
lish standards as accepted by a large number of the members of the 
Society as correct in factors and methods. This little discussion 
should also emphasize the fact that before venturing upon educa- 
tional methods, it is more important to begin with research work. 


Most commendable and notable work in this respect has already 
been accomplished by Prof. Allen, who though in an educational 
vocation, does not forget the importance of research work: Again 
judging by the paper of last year on “A Notable Institution for the 
Advancement of the Art of Heating and Ventilating Engineering,” 
research work would be considered most important by our foreign 
engineers in heating and ventilating. It is to be hoped that the 
Committee on Standards will start at the bottom and let us have 
their version as to what may be considered a good standard for 
determining this simple elementary matter, that is, the proper size 
of radiator for a certain room. After we have this problem stand- 
ardized and then the dozens of other similar and more or less im- 
portant matters that go to form heating and ventilating engineering, 
we can proceed with full steam on our educational heating and ven- 
tilating engineering. 


TABLE 1. RADIATION CALCULATED FOR TYPICAL OFFICE ROOMS. 





Main Office Private 
Heating Radiators Skylight Office Toilet 
Engineer sq. ft. sq. ft. sq. ft. sq. ft. 
1 165 39 524 16 
2 216 24 54 24 
3 95 112 55 15 
4 181 27 57 23 
5 200 “ 117 26 
6 165 18 32 19 
7 192 29 67 24 
8 180 os 60 19 





Average 174 31 62 21 
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DISCUSSION 


Wo. J. BaLpwin (written): The object of this discussion is of 
course, to simplify and reduce to some common standard the method 
of proportioning heating surface for buildings. Window leakages 
alone are of minor importance in the proportioning of heating 
surface to warm rooms of buildings and the subject of proportioning 
the warming surfaces, within a building, to offset cooling surfaces, 
should not in my judgment be complicated with air leakages, or 
with ventilation. 

Window areas and outside wall surfaces are the cooling surfaces 
of a building. The radiators are the heating surfaces and approxi- 
mately it has been discovered, and the discovery seems to be very 
close to a fact, that 1 square foot of radiator will counteract the 
cooling value of 2 square feet of glass in windows. 

And roughly again, it has been demonstrated that 1 square yard 
of outside wall, of ordinary house construction (as house construc- 
tion existed forty years ago) was closely the equivalent of 1 square 
foot of glass in cooling value. 

This is the foundation for the old (Baldwin) rule that %4 square 
foot of radiator would counteract the cooling effect of 1 square 
foot of glass and of 1 square yard of wall. This old rule has a 
great many advantages and it has a scientific foundation. 

The loss of heat from any surface is about directly as the dif- 
ference in temperature between the surface and the air that is tak- 
ing away the heat. This applies to the radiator or the window. The 
air of the room is taking the heat from the radiator; the outside air 
is taking the heat from the glass. 

When we work on a basis of sero weather, the outside air is 70 
deg. cooler than the air of the room, if the air of the room is to be 
kept at 70 deg. fahr. When we work on the theory that our radiator 
has a temperature of 212 deg. fahr., then the steam of the radiator is 
142 deg. hotter than the air of the room. Consequently, other things 
being equal, the radiator gives off practically twice as much heat in 
the same time, as a square foot of glass. This is substantially cor- 
rect, provided the movement of the air, whether of the room or of 
the outside, is a natural movement; and by “natural movement” I 
mean the upward movement of the air at the radiator, due to the 
heat of the radiator, and the movement of the air outside the glass, 
which would be a downward movement, is in a still atmosphere. 

Here we have “the two to one rule”; a square foot of radiation 
doing twice as much work as a square foot of glass in the trans- 
mission of heat. 
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Within the room there is little or nothing to accelerate the move- 
ment of the air at the radiator, except the heat of the radiator 
itself, which is practically a constant, varying only for the type of 
radiator used ; while outside the glass or window we may have the 
action of the wind as well (if there is wind and there generally is), 
and the action of this wind, outside the glass, has the same effect 
in taking more heat through the glass that a fan would have if 
directed against a radiator. This statement, of course, is only 
approximately correct, for in the case of the radiator we are dealing 
with steam, whose temperature cannot be materially affected, and 
twice the air passed over it, will take practically twice the heat 
from it, while in the case of the glass we have air at both sides, 
warm air inside and cold air outside, so that the heat lost from the 
room, is controlled by the movement of the air both outside and 
inside the glass, which may be 70 deg. (or less) inside, and zero (or 
a little more) outside. 


The reason for the loss of heat through the glass, therefore, not 
being dependent altogether on the movement of the outside air is 
that it (the loss of heat) is also dependent on the movement of the 
air inside the glass; so we know that the loss of heat, when the air 
outside (still air) is at zero, is not twice as great, as when the tem- 
perature outside is 35 deg. above zero. And the same reason can 
be given when the air outside is accelerated, for although the out- 
side air may move twice as fast, it does not take twice as much 
heat from the glass of the window, for the reason that the air 
within the window glass falls in temperature, and does not move 
away sufficiently fast to maintain the original conditions of dif- 
ference of temperature; so that the condition of air taking heat 
from air, through a glass septum, is not the same as air taking 
heat from steam through an iron septum. If it was, our radiators 
would prove entirely inadequate in very cold weather, to maintain 
the heat within the house. If it was not for this fact, our heating 
surfaces would not neutralize the loss of heat through the glass in 
windy weather, even assuming all to be wind tight. 


Under the old rule, therefore, of % square foot of radiator to 
1 square foot of glass, provision was made for increasing the 
“radiation” as found by the rule, to cover contingencies; and con- 
tingencies are leakage through windows, leakage through building 
materials, evaporation of moisture from walls, conductivity of 
building materials—for all of which it is a very difficult thing to 
establish a value, and even if the values were established, it would 
require rare judgment in using them. 
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Therefore, the custom has been in my office for many years to 
follow a rule like the following :— 


A square foot of glass has the cooling value of a square 
yard of wall, so that every square yard of wall is called “the 
equivalent of a square foot of glass” in cooling value and, for 
each square foot of glass, or its equivalent in wall surface, we 
first allow one-half square foot of radiator surface, which we 
modify by a factor, which we call percentage. 


In other words, if it is a private residence of good construction, 
our radiation may be as low as “60 per cent. of the glass value,” 
or it may be increased to 125 per cent. of the glass value. 75 to 99 
per cent. is the usual range. The construction would have to be 
very flimsy that would call for 125 per cent. Greenhouses may fall 
to 50 per cent. Here is where the judgment of the designer must 
come in. 

This applies only to steam heating at one or two pounds pressure 
and it will not hold good for hot water heating, for the reason that 
the heat of the water circulation is affected by the greater cooling 
demand in very cold weather. Water circulation may be accelerated 
slightly by a greater difference of temperature within the pipes, 
but the acceleration is not sufficiently great to keep up the initial 
temperature, and this is one of the reasons that a hot water appa- 
ratus that is run on a low margin of efficiency, fails when the 
demand for heat is the greatest. 

This subject is not complex if reduced to some simple rule, and 
when the greater refinements are omitted there is generally a 
greater measure of success. 


M. Witi1am Eurticu (written): When an owner, builder or 
architect retains a consulting engineer he does so because he feels 
that the qualifications of the engineer—his knowledge and experi- 
ence—applied to the design of any building equipment will result in 
the most suitable selection for the conditions. As far as a heating 
system is concerned, it is expected that the sizes of radiator units, 
piping and boilers will be proportioned to fill the requirements 
economically, both in first cost of equipment and in the cost of 
operation and maintenance. 


A disagreement on an apparently simple problem would naturally 
bring up the pertinent and oft-repeated question:—“If experts 
disagree, how can the common people tell who is right or what 
would be the proper course to pursue?”—and a disagreement is 
shown by the figures in this paper! 
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The conditions as given in this paper seem to be the propor- 
tioning of radiator sizes for a suite of offices. The information 
offered as a basis is as near complete as is usually the case. What 
the walls are made of is not stated nor are the total depths of 
floor or roof given. Presumably direct steam radiation is required. 

Eight heating engineers have submitted their results. One of 
them would provide a total of 234 sq. ft., while another. would 
install 343 sq. ft. of direct radiation to heat the offices to 70 deg. 
fahr. when it is zero weather outdoors. A difference of 109 sq. ft. 
of surface as these two figures give, is certainly a wide discrepancy 
and can hardly be explained even by analysis. Why, using the 
thumb rule of 60 to 1 would give as near a result—245 sq. ft. 
based on cubical contents. 

Analyzing the figures as tabulated in the paper to find why there 
is such a great difference shows relatively that heating engineer 
No. 2 computed the largest radiation for the main office, while No. 
3 had the smallest surface for the same space. No. 3 again gives 
the highest result for the skylight and the lowest for the toilet 
room. No. 6 gives the smallest radiators for skylight and private 
office, while No. 5 gives the highest values for private office and 
toilet. 

These figures indicate in part a lack of consistency in the use 
of heat loss coefficients, for the engineer’s computation showing a 
relatively high result for one or more rooms, does not show the 
same characteristic for all the rooms. The results when added and 
compared show that engineer No. 5 would install the largest radia- 
tor, while No. 6 would provide the smallest size. Taking an 
arithmetical average of all the figures presented gives about 288 
sq. ft. as the total radiation and this agrees with the computation 
of engineer No. 4. Apparently the correct result would lie between 
250 and 300 sq. ft. of direct radiation and in this respect the table 
gives three answers over 300 sq. ft., four results between 250 and 
300 sq. ft. and one size less than 250 sq. ft. 

What do these variations in figures mean? The answer comes 
from many directions and with serious effect. Suppose, under 
actual conditions, there were 100 office suites similar to that in the 
problem and it were required to heat the building under the same 
climatic conditions and weather exposures. 

The one who figured highest would have a total of 100 * 343 = 
34,200 sq. ft.; the lowest figures would require 100 & 234 = 23,400 
sq. ft. It does not seem far-fetched to assume that in the one 
case 40 per cent. might be allowed for pipe radiation losses and 
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condensation, and in the other only 20 per cent. Now, assuming 
that the complete installation could be made at $1.10 per square 
foot of radiation, the results would be: 

Highest—48,020 sq. ft. « $1.10 = $52,822 

Lowest—28,080 sq. ft. & $1.10 =$30,888 
This shows a difference of $21,934 in the cost and installation of a 
heating equipment, requiring about 300 h.p. in steam boilers. 

If it were necessary to compute the probable cost of operating 
the plant of such office building, the discrepancy on the same basis 
would be just as marked. The results obtained may be many times 
the deciding factor as to whether or not the owner should install a 
boiler plant, or purchase his steam from a central station supply. It 
may also involve the question of installing a private steam engine- 
driven electric plant against the purchase of electricity from the 
public supply as the heating load is the major factor in office build- 
ing operation. 

These points should emphasize the importance of deciding on 
standard co-efficients of heat transmission through building materials 
with a detailed treatment by example and illustration explaining 
their application. While the foregoing suggestions, intended as 
constructive criticism, are based only on eight years of engineering 
experience, in that time these very probléms have recurred often and 
they have a significance of some importance. 

To check the figures given by the other engineers in the paper, 
the problem was analyzed with a view of providing adequate heat- 
ing. The total results, and what the basis of the figures are, to- 
gether with the co-efficients used, are presented in the following 
cable which gives 294 sq. ft. of direct steam radiation as the re- 
quired total surface. 


Pond Se ee 

Material Square Feet K for 70 Deg. B.t.u. 
WHEE Cs wicxn as o%edes 231 84 19,404 
SP oT ee TET ee 100 78 7,800 
WT Sips subenekcvakases 165 17 2,805 
I RG ee 1050 10 10,500 
eG Ses vad uadivae vases 990 14 13,860 
Contents (Cu. Ft.)....... 14700 1.3 19,110 

BONE EMM inaccsedees 73,479 
At 250 B.t.u. per sq. ft. radiation per hour = 294 sq. ft. 


H. M. Hart: It is not very strange to me, as a heating con- 
tractor, that we have this variation in the calculations of heat loss, 
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when I see the variations in bids on the cost of installing a heating 
apparatus, when every radiator, pipe and mechanism is shown in 
detail on the plans, and the bidders are all bidding on practically the 
same thing. The variation is just as great as it is on calculations 
of heat loss. It shows either a lot of carelessness, or else ignorance 
—one or the other. It is true that we lack authority, but I do 
not believe that the authorities that we have, would vary as much 
as these. 


W. F. VERNER: About three years ago I was trying to spe- 
cialize in steam engineering and paying very little attention to 
heating and ventilating. At that time I had some work which 
caused me to take up heating and ventilating work, so I spent one 
year investigating relative to heating and ventilating. Naturally, 
I turned to THE AMERICAN Society OF HEATING AND VENTILATING 
ENGINEERS, and started to look in the records for information on 
various subjects. The information I gathered was just about in 
this form, with a good many of the subjects, and so, of course, I 
had considerable difficulty in getting something concise. 

I think one of the reasons for that is that a good many of the old 
rules have been carried along. We had rules years ago that would 
apply to building construction at that time, and a good many engi- 
neers have undertaken to assume different items at 25 per cent. 
additional, or 25 per cent. less, or 50 per cent. more, and so on. We 
have many rules that are not of theoretical form, and we apply 
them to special cases. Then we have a young fellow coming along, 
just starting in business, and he takes an equation and uses it. He 
does not know the limits of its use. I think, we should pay more 
attention to the theoretical form of equations. I do not mean to 
use the theoretical equation, but use the theoretical form, and sub- 
stitute in it our constants which are arrived at by tests. The Com- 
mittee on Tests should be careful of these things. That is, if we 
secure the results of a lot of tests, we should see that these results 
are put into proper form. 


Frep R. Stitt: If Professor Allen were here he might tell you 
something he told the local Chapter a few nights ago, which brings 
out one thing that would account for some of the puzzling discrepan- 
cies in the heat transmission from radiators and how various author-* 
ities differ on factors for the figuring of heat losses. As I remember 
it, one statement he made was: that if it was not for the fact that 
zero weather prevails for only a few days at a time, no heating 
plant of the proportions as usually put into a building, would 
accomplish the heating of the building under the ordinary zero 
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guarantee; that, if the plants, as we are planning them, were to 
work continuously under zero conditions, it would take about five 
times as much radiation as is usually applied. 

Some of the experiments he has been carrying on at Ann Arbor, 
as to the amount of heat transmission from radiators placed at 
various points in the room, and also if the exposed surfaces are 
inclined or whether the exposed surfaces are above or below the 
radiator, or what the wind pressure may be, and from which direc- 
tion the wind strikes the surface, all has its effect and sometimes 
produces some marvelous results. The work he is doing out at 
Ann Arbor is going to be of very material assistance to this pro- 
fession. 


H. M. Hart: I think all of us who are designing heating appa- 
ratus feel the need of something authentic on heat transmission. 
And, it not only means that a Committee on Tests, or Standards 
will have to establish something authentic, but they will have to 
keep at it all the time. It is going to mean a pretty busy Commit- 
tee, if they are going to keep up with the changes in building con- 
struction, because nearly every time we get an industrial building, 
a factory building, we have a different condition to deal with in the 
construction. They are changing the structural details—they put 
twenty different styles of roofs on the buildings. It is necessary 
to calculate how leaky the roof is going to be, and it certainly is a 
puzzle and results in the engineer guessing at what the loss is 
going to be, and then adding fifty per cent. or so as a reasonable 
factor of safety, to take care of probable errors. 

I don’t know how we are going to get what we want, until we 
secure a fund, so that we can pay competent engineers to devote 
their time to experimental work. I do not think that there are 
any members that have got the time and money to devote to it, 
outside of their business. It is going to require continual work to 
keep up, as every time a building structure changes, we have a 
different problem in front of us. I remember just recently coming 
in contact with a building that was put up, where the outside wall 
was of terra cotta blocks, open on the inside, and there was a 
thickness of only 1%4 in. terra cotta in the outside wall, and then 
4n air space, lathed and plastered. I was up against it to figure out 
what the heat loss would be through that. I insisted that inside 
of the terra cotta, they put a furring of tile, to create a dead air 
space in the terra cotta. 

Another proposition is concrete, that is used so much, such as 
concrete floors, concrete roofs, etc. We experience serious diffi- 
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culty in not having any good authority on the loss through con- 
crete roofs, of various thickness, iron roofs, etc. 

I think that we will have to work and get this membership up to a 
thousand—then we will begin to create a fund for research work, 
and we certainly can keep that fund busy. 


A. S. Armacnac: It may be of interest to the members, if 
they do not know it, to be told that the British Institution of Heat- 
ing and Ventilating Engineers is now engaged in trying to estab- 
lish a set of so-called “British Standard” heat loss co-efficients. 
The British society is very ambitious and the new standards are 
expected to have the same vogue as the B.t.u. standard. The idea 
is to develop a certain heat-loss factor through glass, for instance, 
and whether it is right or wrong, call it the British standard heat- 
loss factor for that material, and work to it. The same thing will 
be done with other building materials. When they get further along 
and find the “standard” needs modification, they will modify it. 
The tests that are being made to determine these standards, are 
being conducted by Prof. A. H. Barker at the University College 
in London. 


James A. Donnetty: I have just added up the eight answers 
and averaged them, and I think perhaps it might be well to add it 
to the paper in the final publication, for the average of a number 
of answers is always interesting. I find that for the main office 
the average is 205 sq. ft. A year ago, at the request of the National 
District Heating Association, I tabulated the heat losses from 
buildings, and worked it up, tending towards the establishment of 
standard methods of figuring direct radiation. I applied the quan- 
tities, or co-efficients, which were in that paper, to these, and it 
figures out 220 sq. ft., so I do not think those are very far from 
this average, 220 to 205. 
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VENTILATION OF GARAGES 


By C. W. Osert, New York 


Member 


INCE the use of the gasoline automobile has become wide- 
S spread, there has arisen a definite need for ventilation re- 

quirements in garages, motor car repair shops and in fact 
all enclosed spaces in which gasoline motors are operated. For 
reason of the invisibility of the exhaust gases from these motors it 
has been customary to operate them indiscriminately, whereas it is 
interesting to note that in no case would any other form of com- 
bustion device such as a stove or forge, be operated indoors, with- 
out a chimney connection. In a number of instances deaths have 
occurred as a direct result of confinement in limited spaces where 
the air has become contaminated by the exhaust gases from such 
motors, and in many other cases great discomfort has arisen from 
such continuous operation in larger spaces having inadequate facili- 
ties for ventilation. 


While it is true that the cases in which deaths have occurred, have 
been largely those where motor vehicles have been operated in small 
garage buildings with the doors entirely closed, generally in cold 
weather, still the result is indicative of the danger that is present. 
Usually in such cases the motors have been operated with their 
carburetors poorly adjusted so as to give improper mixtures, or 
chemicals have been injected into the cylinders perhaps for the re- 
moval of carbon, and the result has been the formation of carbon- 
monoxide or some other deadly gas in sufficient quantity to cause 
the death of the operator from asphyxiation or gas poisoning. These 
occurrences have been sufficiently frequent during the past winter 
season for a number of health boards in various cities to have given 
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serious consideration to an investigation of the entire problem of 
garage ventilation. 

In the public garages and the motor car repair shops, the danger 
has been less pronounced owing to the larger interior spaces and 
the greater opportunity for dilution of the poisonous gases. The 
result is in such cases rather one of discomfort to the occupants of 
these spaces. The presence of such obnoxious gases is, however, 
undesirable for many reasons, the most notable of which are the 
health of the occupants and the interference with workmen who may 
be occupied in their presence. 

In the case of the large automobile or motor manufacturing shops, 
it is the general practice in the motor testing rooms to provide ade- 
quate means of ventilation, as here the motors run continuously and 
in the development period of the industry, it was soon found that 
such ventilation was essential to nct only the comfort, but the health, 
of the employees. In these large shops it is interesting to note that 
provisions for ventilation have been carried to the utmost extreme, 
exhaust arrangements being provided for all cars whose motors are 
required to operate for any length of time indoors. And it is the 
possibility of application of this practice to the cases of public and 
private garages that is the purpose of this paper. 

Before reviewing the attempts that have been made in this direc- 
tion, it may be well to point out the fact that one of the particular 
dangers of these deadly gases is the fact that they have practically 
no distinguishing odor or manifestation to warn those who may be 
affected, against their presence. Such gases may develop from im- 
proper carburetor adjustment or from faulty ignition in the motor, 
and may increase to a sufficient extent if the doors are closed to 
become dangerous to persons breathing that atmosphere before they 
become aware of any contamination. In the many cases of deaths 
in small garages reported during the past winter, the victim appar- 
ently made no effort to get out into the open,air but merely dropped 
where he stood due to the quick effect of gas poisoning; he was 
apparently overcome so quickly as to be powerless to help himself 
or call for help. Herein lies the wisdom of the health boards issu- 
ing a warning to all occupants of small garages against this danger, 
with preferably the suggestion of possible means of prevention of 
the trouble. 

While means for prevention of this trouble are the simplest in the 
small private garages, this type of building is, however, that in 
which such ventilation is most needed. Accordingly some of the 
arrangements worked out for such cases that have come to the 
writer’s attention, will be referred to. That most generally used is 
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the rubber hose or flexible metal tubing with.one end slipped over 
the outlet of the muffler pipe of the motor car, and the other end 
passed through the side of the building to the outer atmosphere, 
as shown diagrammatically in Fig. 1. This arrangement works out 
entirely satisfactorily provided the hose or tubing fits closely on the 
muffler outlet. If, however, the hose or flexible tubing is larger than 
the muffler outlet, the effectiveness of the arrangement is impaired 
as in case of a strong wind pressure on the side of the building 
through which the hose or tubing outlet passes, there is danger of a 
strong counter-current back into the interior of the garage. 
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FIG 1. EXHAUST CONNECTION FOR THE TYPICAL PRIVATE GARAGE. 


There is also, with that arrangement, the possibility of damage to 
the motor car if it should be backed out of the garage before re- 
moval of this connection. This will be evident when it is consid- 
ered that in most cases motor cars are run front-on into such garages 
and are then necessarily backed out when leaving. If the trouble 
be taken to back the car in, this difficulty would not arise, as when 
it is run out, the hose or tubing, if left on, would automatically pull 
off the muffler outlet. 

The more desirable arrangement is to have such hose or flexible 
metal tubing pass out through the roof or upper portion of the 
building, being suspended from the ceiling to the point of muffler 
connection where it would be not only convenient to apply but also 
be easy of access, easily seen and free from possible damage as a 
result of lying on the floor. If the car is liable to be run into the 
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garage either head foremost or backed in, it is well to provide an 
outlet connection at either end of the car space, or better yet, to 
provide one only at the rear with the stipulation that the motor shall 
not be run for testing purposes unless the car be backed into the 
garage where the muffler connection can be easily made. 

For the case of the large private or public garage, the conditions 
are radically different in that the interior spaces are large, thus 
reducing the possibility of air pollution from a single motor, and also 
in that the opening of large doors permits frequent air changes. In 
cold weather, however, when the tendency is to keep doors and 
windows closed, the need for such ventilation becomes imperative 
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FIG. 2. EXHAUST GAS VENTILATION INSTALLATION FOR A TYPICAL 
MOTOR CAR REPAIR SHOP. 


and it should be studied from the standpoint of both safety and 
comfort. In this class of garage, there are two sets of conditions 
that are commonly encountered, one where the motors are ordinarily 
operated only for shifting purposes, and the other where motors are 
operated continuously at times for purposes of adjusting or testing. 
The latter condition, which is that of the motor car repair shop also, 
will be considered first. 

The usual tendency in the cases where motors are liable to be oper- 
ated continuously is to provide for individual exhaust connection to 
the outlets of the mufflers, with fan suction to remove the exhaust 
gases to a flue or to the outside of building. An arrangement which 
has been used is that of an exhaust pipe carried along a side wall near 
the floor line with a number of plugged outlets to which flexible 
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conduits may be attached where desired. The connections are nec- 
essarily carried over the floor to the position in which the motor car 
may happen to stand. Such an arrangement is shown in Fig. 2 
which illustrates the repair shop division of a large garage in New 
York City. In this case the exhaust main was of 3 in. galvanized 
iron rain conductor with 2 in. outlets soldered in at intervals, which 
when not in use, were kept capped. This was very effective and 
proved economical as the motor operating the exhaust fan was in 
use only when a car was under test. 

In another case, a similar system was designed by the author for 
a motor car repair shop located in Brooklyn, N. Y., in which the 
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FIG. 3. AN EXHAUST GAS VENTILATING INSTALLATION WITH OVERHEAD 
PIPING. 


exhaust main was located overhead with arrangements for connec- 
tions by hose to the muffler outlets of the cars under test. This in- 
stallation, which is illustrated in Fig. 3, also proved workable and 
economical and was entirely satisfactory. In this case the exhaust 
fan was belted to the line shaft in the machine shop division which 
adjoined the repair floor. The fan delivered into an unused chimney 
flue at the rear of the building and was connected on the inlet side 
to a 214 in. pipe main that extended over the aisle between the two 
rows of cars under repairs. Tees were inserted in this main at 
about 8 ft. intervals with capped 1% in. nipples pointing downward, 
so that a hose connection could easily be made to muffler outlet at 
the rear of any of the cars in position on the floor. 

The cost of operation of this system was insignificant as the line 
shaft was running practically all of the time and the load added by 
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throwing on the exhaust fan was negligible. The cost of installation 
was also very slight as an old pressure blower was adapted for this 
purpose and the pipe connections were short and simple. The re- 
sults were wholly satisfactory. Whereas, before installation of the 
system, the gases often became so dense as to cause the workmen 
much discomfort, with this arrangement there was no ill effect or 
even any odor imparted to the workroom. Its value appeared also 
in another way, namely, in preventing the discharge of dense smoke 
into the building when an overhauled motor, freshly charged with 
a surplus of lubricating oil, was first started ; before the system was 
used the building customarily became filled with smoke under such 









































a 
ROOF rf VAN yinney Cap 
a tt 
it 
it 
: 1} 
Wi yu! = 
| HR 
l Ht 
rate 
Aspirating \\ \ 
Steam Cor! ' 
1} 
i 
1! 
it 
tt 
it 
it 
: 
| 
Ji 
| ' 
FLOOR LJ 
SANIT 
(nerd 





FIG. 4. FORMS OF EXHAUST FLUES SUITABLE FOR GARAGE VENTILATION. 


circumstances and much discomfort was caused, as well as total 
stoppage of work in the shop. The exhaust system remedied this 
condition entirely. 

In the case of shops or garage rooms where motors are ordinarily 
operated for purposes of shifting cars only, the necessity of exhaust 
systems with direct connections to the mufflers of cars is obviated, 
and such arrangement is, in fact, impossible owing to the uncertainty 
of locations of cars. Here, however, the requirement for ventila- 
tion exists for two reasons, one for the removal of exhaust gases 
from the motors and the other for removal of fumes of possible 
leaking gasoline, which involves a serious fire hazard. For the 
removal of the latter, floor exhaust openings are most desirable, and 
have been found effective for motor exhaust gases under such con- 
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ditions, as well. A form of exhaust flue opening such as has been 
used for this purpose appears in Fig. 4. The efficacy of this plan 
of ventilation lies in the fact that the objectionable gases which are 
heavier than air lie near the floor and the exhaust openings at the 
floor line tend to remove them first. 

In a garage located at Glens Falls, N. Y., ventilation is accom- 
plished by an improvised arrangement of a blower connected to sup- 
ply fresh air through several openings near the floor line, exhaust 
being effected through openings near the ceiling. This would under 
ordinary conditions be effective in clearing the interior space except 
with unfavorable outside wind pressure, which might be such as to 
annul the effect of the blower supplying air to the interior. The 
natural method of avoiding this is, of course, the use of a rotatable 
chimney cap, or its equivalent, as shown in Fig. 4. If the foul air 
outlet is through the side wall, an arrangement of flap dampers, as 
shown also in Fig. 4, will prevent any trouble from back flow, 
resulting from wind pressure. 

An interesting ventilation scheme is in use at the manufacturing 
shops of the Reo Motor Car Co., at Lansing, Mich. The completed 
motors are there given their block test in a high saw-tooth building, 
where each motor is put under heavy load against an electric dynamo. 
This results in an extreme heat and necessitates good ventilation. 

The method is to provide fresh air at the lower levels of the room 
and take out the heated air at the top. Several 60 in. disc exhaust 
fans are mounted in the different sections of the saw-tooth roof. 
Then at intervening points large down-take pipes supply the fresh 
air. These down takes make use of a sort of reverse chimney 
effect, inasmuch as they are filled with cold air and pass through 
the upper warm air region. Considerable care was taken to keep 
the outlets a sufficient distance from the inlets as otherwise it would 
result in returning the heated air to the men. In the winter time a 
fan heating system assists in moving the air while in the summer this 
is allowed to run with the coils shut off, aiding the ventilation. 
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DISCUSSION 


Frep R. Stitt: I have had some bad experiences in this city 
in connection with a number of the automobile plants, in exhausting 
the smoke, gases and fumes from their testing rooms. It gets to 
be quite a problem, when dealing with as many as 120 engines all 
running at the same time, which there are at some of the plants in 
this city. One of the serious things we have encountered in that 
work is that while it is a comparatively easy matter to get rid of 
the smoke and gases, there is always a certain amount of uncon- 
sumed gas and oil which goes into the system that is not so easy 
to take care of, with the result that there have been some very dis- 
astrous explosions and fires. We have had two or three very bad 
cases of this kind. 

That is an angle to the subject which has not been looked into, 
but should be considered when dealing with a problem of this kind. 
The plan now is to provide for the explosion to take place, but 
arrange the plant in such a way that it cannot do any harm; also 
provide pits or collectors where the grease and oil may be quickly 
and easily cleaned out. I mention this as something that should 
be provided for when planning an exhaust system on a large scale, 
as otherwise the plant will be dangerous. 


H. M. Hart: There was recently called to my attention, an in- 
teresting ventilating system, which was on the same principle as is 
shown on Fig. 2. A man came to Chicago who had patented a 
system for ventilation of bed pans in hospitals. He proposed to 
use the vacuum cleaning method, and had a flexible tube, that fitted 
over the nozzle of the bed pan, and connected tu the vacuum cleaner 
outlet. It was quite a novel idea, and it was very practical. Whether 
it would be applied after it was installed, or not, is another question. 

In Chicago, the ordinance is rather strict, concerning the build- 
ing of a garage. The boiler room has to be entirely separate from 
the garage, and has to have an outside entrance, and in a public 
garage it has to have two entrances, or, it might be said, an entrance 
and exit. They have had some serious explosions where the fumes 
from a garage were taken into the boiler, with a natural draft, and 
the fumes became so saturated with gasoline and gas, that it resulted 
in an explosion. 
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HEAT TRANSMISSION THROUGH BUILDING 
MATERIALS 


By JoHn R. Atten, ANN Arsor, Micn. 


Member 


HE rate of heat transmission through building materials is 
gi a subject of fundamental importance to heating and ventilat- 

ing engineers. There is much conflicting data having very 
little experimental foundation to establish its accuracy. About 
six years ago the writer constructed apparatus to determine experi- 
mentally the heat loss through building material. 


This apparatus consists of a wooden box, as shown in Fig. 1. 
The box is 6 ft. long, 4 ft. wide and 4 ft. high on the inside. The 
walls are 11 in. thick and are heavily insulated with wood, air 
space and cork. The cross section of the insulation is shown in 
Fig. 2. One side of the box may be removed and in this open side 
the different building materials may be constructed for test pur- 
poses. The box itself is on trunnions so that it may be turned in 
any position, enabling the material to be tested as a floor, as a wall 
or as a ceiling; it is also possible, as in case of roofing material, to 
place the box at any angle. The box was originally placed in a 
room having a constant temperature so the room could be main- 
tained at 70 deg. A brine coil was placed in the box, through 
which cold brine could be circulated, so that the inside of the box 
could be maintained at a low temperature. The difficulty, however, 
of weighing the brine and measuring the difference of temperature 
where it entered and where it left the box involved so many errors 
that this method was abandoned. 


The box has since been placed in a shed out doors where it is 
free from currents of air and the box was heated. The outside of 
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the box was subject to ordinary atmospheric conditions while the 
inside of the box was maintained at uniform temperature by elec- 
tric heaters. These heaters consisted of ordinary carbon filament 
lamps, supported from a central shaft. As the box was rotated 
these lamps maintained the same relative positions. The electric 
lamps were screened by double shields of brown paper in order to 
reduce the radiation of heat, and protect the electrical thermometer 
from radiant heat. By turning the lights on and off a uniform 
temperature could be maintained in the box. A recording watt- 
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FIG. 2. DETAILS OF CONSTRUCTION OF THE WOODEN TEST BOX. 


meter was used to measure the electrical energy given to the box. 
This electrical energy can be readily reduced to the heat equivalent. 

The temperature inside of the box was determined by eight 
electrical thermometers placed in different parts of the box. A 
multiple point switch enabled the observer to read all these ther- 
mometers on one Wheatstone bridge. Before being placed in the 
box these thermometers were all carefully compared. A continu- 
ous recording thermometer was also used to determine the inside 
temperature of the box. The outside temperature of the box was 
determined by six mercury thermometers, each on a different side 
of the box. A continuous record of the outside temperature was 
also kept by a recording thermometer. 
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In order to determine the effect of rain on the coefficient of 
transmission, two rows of spray nozzles were arranged so that the 
material to be tested might be covered by a film of water. The 
effect of wind was determined by delivering air in a thin film 
across the surface of the material to be tested, the air velocity being 
produced by a blower driven by an electric motor. The air was 
delivered across the whole length of one side of the surface of the 
material to be tested. The arrangement of spray nozzles and air 
duct is shown in Fig. 3, and of the arrangement of the instruments 
and heaters in the interior of the box in Fig. 4. 
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FIG. 4. DIAGRAM OF TEST BOX, SHOWING ARRANGEMENTS OF ELECTRIC 
THERMOMETERS AND HEATERS. 


METHOD OF TESTING 


Each test was conducted with all conditions as nearly constant 
as possible. Particularly, care was given to maintaining a uniform 
difference in temperature between the inside and the outside air, 
and the heat input was left constant during any test or series of 
tests. The length of these tests was largely determined by the out- 
side temperature, it being desirable to have a period of at least four 
hours of constant temperature previous to the beginning and end- 
ing of each test. Most of the tests covered a period of about 12 
hours of almost constant temperature. 


Other tests were made covering long periods of fluctuating out- 
side temperature. In such cases the tests were started and finished 
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after at least four hours of constant outside temperature, and the 
temperature at the beginning and the temperature at the end were 
the same. This avoids the necessity of correcting for the amount 
of heat contained in the material of which the box is constructed. 

Before commencing an experiment with any giver material it is 
necessary to determine the radiation loss from the box itself. For 
this test, a side constructed in the same manner as the rest of the 
box was placed in the open side of the box. A coefficient was 
determined for the outside surface of the walls and this was applied 
to all the surface exposed to outside temperature. This calibration 
test gives a loss of 798 B.t.u.’s per hour per degree difference of 
temperature from the insulated sides of the box, when the center 
of the wall of the tested material is 10 in. from the face of the box. 
When the tested material is flush with the face of the box, the loss 
is 749 B.t.u.’s per hour per degree difference of temperature. 


CONDITIONS OF THE TEST 


The only material that has been tested with this device, up to 
this time, is glass. The tests have been divided into two series. The 
first was to determine the coefficient K for glass used as a window, 
a floor, a horizontal roof, and a roof at an inclination of 45 deg. 
The second series of tests was made to determine the coefficient of 
heat transmission for glass in a vertical position and subject to an 
atmosphere without wind or rain, with a violent rain, with a vio- 
lent wind, and with rain and wind. 

In the first series of tests the glass was set back 10 in. from the 
face of the box, while in the second set of tests the glass was placed 
flush with the face of the box. 


RESULTS OF THE TEST 


. The results of the tests appear in Tables 1, 2, 3 and 4, as follows: 


Table 1 shows the result of the calibration test and gives the 
value of K for the insulated box; 
Table 2 shows the results of the tests for the determination 
of the value of K for the glass in different positions ; 
Table 3 shows the results for the value of K subject to 
wind and rain. The velocity of the wind was about 37 
miles per hour ix: these tests ; 

Table 4 is a sumraary of the results and shows a probable 
limit for the value of K for all the tests under the vari- 


ous conditions. 
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DISCUSSION OF RESULTS — 


You will note from the results shown that the heat transmitted 
is almost the same whether glass is used as a ceiling or as a wall 
but when used as a floor there is a marked reduction in heat trans- 
mitted. 

The second part of Table 4 gives us some idea of what a large 
effect wind and rain have upon the coefficient of heat transmission. 
The rain increases the heat transmission to a greater extent than 
the wind alone. Most authors assume the heat transmission through 
glass as 1 B.t.u. per square foot per degree difference of tempera- 


TABLE 1. CALIBRATION TEST ON THE BOX WITH AN INSULATING 
WALL IN THE OPEN SIDE 





1. Test No. 17. From 9 a. m., Feby. 27, to 6 a. m., Feby. 29; 
duration 45 hours. 


2. Average of 7 electrical thermometers inside box, deg 94.01 
3. Average of 6 mercury thermometers outside, deg... 17.91 
4. Temperature difference, deg. ...............ee00. 76.10 
| PTT T Tee TTT TTT ere PEP OT EEE eT Torre ree 185. 
134x33000x60 
6. B.t.u. per watt per hr. < --——————- >... 3.411 
778x100 

a DS ee eer er ree 630. 

8. B.t.u. Loss per degree difference in temperature..... 8.2816 
©. SO NE OE I We ia since eesnsncd das 250.8 
DL. BOP ITEE CPCI sa and «06 56 08 Kea nach won des 0.03302 


11. Outside surface exposed with glass set in 10 in., sq. ft..241.8 
12. Heat loss through outside surface exposed (241.8x 


SFA ARI ee PLP TARE 7.984 
13. Outside surface exposed with glass flush, sq. ft....... 226.8 
14. Heat loss through outside surface (226.8x0.03302 

ON I SE ARR ie er 8D 7.489 


ture but from these experiments we see that this corresponds to 
a condition of dry glass with a strong wind blowing. If we add to 
these conditions a heavy rain, the value of the coefficient is in- 
creased about 50 per cent. 

While a rain never occurs in zero weather it is possible that a 
fine snow might occur at very low temperatures. In this case the 
melting of the snow on the glass would give practically the effect of 
a wet glass at a very low outside temperature. It would seem 
therefore that the coefficient used for glass should be increased. 
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The experiments show that this coefficient should be 1.48 or ap- 
proximately 1.5. This would more nearly represent the maximum 
loss from glass -than the coefficient 1 which is used at the present 
time. 

The University of Michigan expects to carry on this line of 
experiments for a series of years. We shall next take up plate 
glass, then cement and other forms of building material. The Author 
wishes to acknowledge the assistance given him by J. E. Emswiler, 
under whose direction the tests were conducted. 

TABLE 4. UPPER AND LOWER LIMITS; AND PROBABLE VALUE OF “K” 
FOR ALL TESTS 


T. Glass subject to ordinary atmospheric conditions and set in 10 inches from 
the face of the box. 


Probable. 
Limits value of “K” 
Se 0.577-0.660 0.630 
Glass horizontal on top... . .0.525-0.638 0.610 
Glass inclined at 45 deg..... 0.557-0.575 0.575 
Glass horizontal on bottom.0.47 -0.479 0.47 


II. Glass flush with the face of the box and subject to wind and rain. 


Probable 
Limits value of “K” 
Quiet conditions .......... 0.601-0.693 0.641 
ME Se SE. cs on caeecaa., uneaaws 1.248 
Wind blowing, no rain..... ........ 1.05 
ee GOP I ks enc peen cheeasus 1.485 
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DISCUSSION 


THE PresipENT: Professor Allen’s closing remarks are some- 
thing that we should give a good deal of attention to. Certainly 
every line in the building industry is interested in this subject, the 
architect and the builder and even the material man; and I cannot 
see why this Society would not be able to solicit pledges from 
various industries who want this information, would profit by it 
and are willing to pay for it if they know how to get it in an 
unbiased way, whereby they would be assured of accuracy. My 
ambition is to see this Society have a research fund that would be 
devoted to this experimental work. It wouldn’t cost us so very 
much. In talking with Professor Allen, he tells me that for $600 
a year for the man’s time, we could get a graduate student to 
devote all of his time to this work, and some additional expense 
for building apparatus and structures. Certainly that is a very 
nominal fee when we consider the field that would be benefited 
by it. 

M. W. Franxktin: I would like to ask Professor Allen whether 
he has done anything or has any definite plans for determining the 
law of diffusion of heat through these various materials as affected 
by the thickness. There is a mathematical theory for diffusion 
under different conditions with regular variations in thickness; but 
so far as I am aware this law has been applied only to metals in 
which the conductivity is relatively simple. It seems to me that 
a great and valuable work can be done in determining what the 
law of diffusion as applied to building materials is; that is, having 
determined once the co-efficient for any standard building mate- 
rial, such, e.g., as the standard glass, for instance, to determine 
what is the diffusion for varying thicknesses of glass; or having 
determined a certain quality of cement, say, on which Professor 
Allen dwelt, to determine what is the variation in diffusion, with 
the variation in thickness. 

If such laws were found to be accurate and easily amenable to 
mathematical treatment and were formulated once for all, an im- 
mense amount of valuable information would be placed in the 
hands of builders and others concerned with construction and 
building, so that given the co-efficient accurately .determined for 
a given thickness, we could determine with certainty the amount 
of heat diffusion in a given temperature within, and given atmos- 
pheric conditions without, for any given thickness of cement. 
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J. J. Buacxmore: I take it from Professor Allen’s explanation 
that the glass loss is practically the same, whether taken from the 
side or from the top, and I also assume it would be the same if 
taken on an angle; but that there was a marked difference between 
the losses in those three conditions and that of the loss from glass 
in the floor. I just want to make sure that I am right in these 
assumptions. 

I think it would also be interesting to the membership to know, 
how the value of “K” was corrected, so that they have an idea as 
to how these losses or leaks occur in making such experiments. 
The value that makes for a difference between our present co- 
efficient (which is approximately 1), and the additional 50 per 
cent. as proposed by Professor Allen, I understand is due entirely 
to the presence of water on the glass, caused by rain or-sleet at 
a time when the temperature is below the freezing point. I 
realize that there are times, as Professor Allen says, when the 
snow might be on the glass and bring about such a condition; but 
it is very doubtful whether we would have a condition of sleet 
with as low a temperature as at or nearly to zero, though we 
might have such storms frequently at a temperature at or about 
20 deg. Some modification may be necessary in the proposed 
addition of 50 per cent.; though I have not the slightest doubt that 
extreme conditions would produce the results that Professor Allen 
has proven from his very interesting experiment. 

There is one point I want to bring out, and that is the extreme 
difference of the temperatures between the inside and the outside 
of the box, which is about 50 deg.; the question is, in the 
case of a temperature difference of 22 deg., whether the ratio will be 
uniformly the same as with 50 deg. or greater. 


E. A. May: I would like to know if it was assumed that the 
total input was lost by conduction through material, the glass in the 
box, and no account taken of that part whith might be lost directly 
by radiant energy. 


J. A. Donnetty: I am surprised that the usual question of 
humidity, both inside and outside, hasn’t come up before. I imagine, 
though, that the interior of the box might get very dry after con- 
tinuous heating for some considerable period. There is one other 
interesting feature, and that is the test run at night; I have no 
doubt we might get some appreciation of heat from radiant energy 
that might stray around in the daytime. Also would it be pos- 
sible or practicable to make a box entirely of glass; and then it 
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might be allowed to stay out in a severe snow storm and see if we 
could get some sleet conditions in very cold weather? 


Frep W. Jounson: I would like to ask if there has been any 
effort made to determine whether the co-efficient of transmission 
of the glass is affected by the direction of the air current, or wind, 
passing over it. The point I wish to bring out is—that it would 
appear that the transmission of heat through the glas: under the 
conditions of this experiment may have been greatly increased by 


the “wiping off” effect of the air discharged laterally over the glass _ 


at a high velocity. This condition could hardly obtain in practice 
and may to some extent account for the high glass co-efficient 
obtained by this experiment. 


C. A. BLraney: I would like to ask Prof. Allen as to what the 
temperature of the water was that was sprayed? Also relative to 
Mr. Donnelly’s proposition, we have had considerable trouble in 
greenhouse work in estimating the amount of radiation to be used. 
I think it would be quite an object to have that tried out so that 
we could see the sleet forming like it would on a greenhouse roof 
or a glass surface, and as to what effect diffusion would have. 


Tue AvuTHor: We have not as yet developed an equation for 
the laws of heat governing its transmission through varying thick- 
nesses of wall. 

When we have completed our experiments on the heat transmis- 
sion through concrete walls at varying thicknesses it may be possible 
to develop a law showing the effect of heat transmission through 
building walls. 

Answering the question as to the effect of the position of the 
glass upon the heat transmission, our experiments show that the 
difference in heat transmission for glass in a vertical position and 
glass in a horizontal position show almost the same result. It would 
seem that there ought to be more difference. When glass is used 
as a floor there is a difference of almost 25 per cent. 

The correction for “K” was made for differing temperature 
conditions. It has been assumed for varying temperature conditions 
that “K” is a constant and corrections are made with this assumption. 
That this is a fact we do not know, but it is probable that the 
variation of “K” is small and that the error due to making this 
assumption will be small. 

The experiments showed a marked increase in the value of “K” 
when the glass was wet. At first thought it would seem that the 
glass could not be wet at low temperatures and that the high value 
of “K” would not be applicable. In certain portions of the country 
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as in the North-Western States, severe sleet storms often occur in 
extremely cold weather. The sleet striking the glass melts and 
produces a condition very similar to that obtained in these experi- 
ments. 

Mr. May raises the question, and a very pertinent one, as to 
whether the heat lost through the glass is all lost by conduction. It 
is possible that a portion of the heat is lost by direct radiation through 
the glass. In my own experiments I have never been able to separate 
radiant heat, and conducted heat. But it is quite reasonable to 
suppose that part of the heat may be lost by direct radiation through 
the building structure. There is no reason theoretically why this 
should not be so, because radiant heat is not transmitted by the 
material itself, but by the ether between the molecules of the mate- 
rial. Radiant heat can therefore be transmitted through the material 
without in any way affecting the molecules. The difficulty of 
measuring radiant heat is so great that I have never been able to 
separate radiant heat from the heat lost by convection and conduc- 
tion. These experiments are really in the province of the physicist 
and not in that of the engineer. 


E. A. May: Have those experiments along that line been 
confirmed or otherwise? 


Tue AutHor: I do not think they have. I do not think Peclet’s 
experiments have been repeated. We have referred to Peclet for 
the last 50 years. Those experiments are not absolutely correct; it 
is a very difficult thing to do. 


E. A. May: The way he measured his method was fairly ac- 
curate. 


Tue Autnor: Peclet’s methods were fairly accurate, but unfor- 
tunately Peclet’s experiments were not made with modern apparatus. 
It seems to be impossible to interest physicists in these experiments 
at the present time. The physicist is more interested in more brilliant 
things than to find out what the radiant heat from a brick or a 
piece of concrete is. I have never been able to get physicists 
interested in any material substances which a man could use. 

As far as humidity is concerned, we have determined the outside 
humidity, but in all our experiments we have not determined the 
humidity inside of the box—that is a suggestion I have not thought 
of. We thought we had enough complications now, but possibly 
we will have to add one more. Just how to get the thermostat inside 
the box and read it correctly, I don’t know. Of course, if the air 
was very humid, moisture would be deposited on the inside of the 
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glass and moisture on the inside and the outside of the glass would 
probably give a still higher constant. 

The tests, as I said, are run continuously, but where short tests 
are made it is done at night, to avoid the effect of the sun. The 
effect of the sun in making tests of radiators is very marked. 
We used to make tests of radiators in the attic of a building, and I 
could determine from reading the thermometers which side of the 
roof the sun was shining on. In fact, we could tell all about 
whether we had sun or not without looking outdoors, and that led 
us to abandon making tests in a room that was affected by the sun. 
It makes a variation almost as high as 15 per cent. in the result. 


In regard to using a box made entirely of glass, the Pennsylvania 
State College has a box made entirely of glass. Those tests have 
been conducted by Professor Moyer, and I think have been re- 
ported in the Heating and Ventilating Magazine. The objection 
to that arrangement is that you have the effect of the ceiling, 
walls and the floor all at the same time. The constant determined 
by this method is an average of the effect of all the sides. In actual 
use of glass we almost always use it in a vertical position. We 
don’t want the effect of the average of all these positions; it is 
not a glass house we are dealing with, but we are dealing with 
glass windows, or ordinarily with a glass ceiling, and that is why 
the box was constructed the way it was. 

In regard to the effect of air striking against the glass, that has 
not been determined. That involves another set of separate experi- 
ments and there might be a difference. Of course, I think the 
difference of heat condition or of heat transmission due to the 
passage of air across the glass is due to the rapid removal of heat. 
Any air that comes upon the glass in any way that will create a 
current across the surface, and rapidly remove the heat from the 
glass itself, will show an increased transmission of heat. It will 
depend largely on the velocity of the currents of air along the 
glass surface itself. 

In regard to the temperature of water leaving the glass, of 
course, when we consider water on the glass, such water as was 
sprayed on the glass undoubtedly carried away a certain amount 
of heat by direct contact of the water with the glass, and the water 
has raised in temperature. We did mot unfortunately obtain the tem- 
perature of the water leaving the glass, but we will see if we cannot 
do that next time, because that would not be a very difficult thing 
to do. By getting the temperature of the water before it strikes 
the glass, and the temperature of the water as it leaves the 
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glass, we will get the actual amount of heat carried away by the 
water itself. 


W. F. Verner: You say that the value of “K” was not deter- 
mined for varying differences in temperature, but it seems that 
there are here several varying temperatures between the inside and 
the outside and the value of “K” is given for those. Doesn’t that 
cover the point? 


Tue AvutHor: It does not give a complete range. What I 
hope to do is to get a range of the difference so that we can deter- 
mine the constant of “K” for each difference, and then we will 
determine later the variation of the constant “K” and the range of 
difference in temperature; I think that can be done with more 
experiments. When we have two or three hundred experiments 
of similar conditions, then we can begin to plot those constants 
and get at the law of variation. 


E. A. May: Bringing up the question of radiation, it seems to 
me it would explain in some measure the difference in the co- 
efficient based on the glass vertical and horizontal, as a roof and 
as a floor, because the loss from radiation against the floor, con- 
sidering the temperature of the floor, would be considerably less 
than it would be through the outside wall, especially if there were 
any glass in the wall through which the radiant energy would be 
dissipated to the colder outside. The actual loss through radiant 
energy would be less to the floor than it would be the other way, 
and it would possibly explain some of the differences which appear. 
Furthermore there is less temperature difference between the air 
in the box at the lower portion than would exist at the top. which 
would also account for a part of the difference. It does seem to 
me that the co-efficient of conduction through glass ought to be 
the same no matter in what position it might be. We have to 
explain these differences by exact facts; and if we take average 
temperatures, in the box, in assuming loss through horizontal sur- 
face as a roof, I think we are taking a wrong assumption for a 
particular co-efficient. 


Ws. J. BALpwin: Might not re-radiation answer the question 
the gentleman just raised? When this glass is turned to the floor 
(I am assuming now that the rays are coming from the inside) 
they are thrown directly to the floor; are they not also thrown 
directly back again or some of them? I am bringing this up to 
answer the question that the gentleman has asked, and at the same 
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time bring up the question of re-radiation, and its effects in the 
experiment. 

I have in mind the case of a bank president who had a warm 
corner room, but his desk was close to three windows facing a 
City Hall Square outside, and there was no such thing as re- 
radiation. Although the thermometers around showed everything 
comfortable to the ordinary man, when he would turn his back 
to the City Hall Square, the radiation of his body went out into 
space and he felt no return of the heat, as he would from a wall, 
and he knew it. I am mentioning this as a practical way of illus- 
trating this subject. 

Professor Allen knows that years ago (in a crude way, in the 
shop) I considered matters like he is now doing, and I got some 
crude results. They were crude but they were some guide to 
present practice. At the time we had nothing but Peclet & Box to 
go by and I think they spoke of re-radiation, did they not? 


THE AuTHorR: Yes. 


Ws. J. BaLtpwin: I think that would account for it. The ex- 
perimental apparatus, which I have not yet seen, is further from 
the ceiling of the inclosure, than it is from the floor, and a window 
in this experimental cabinet may face other windows in the in- 
closure, so that radiation may go out into space and there is no 
return When the window faces the ceiling there is some return. 
When the window faces the floor, or is very close to it, there is 
some appreciable return. 


W. F. VERNER: One of the previous speakers mentioned some 
of the causes for this range in value of the co-efficient “K” for 
the different positions of the glass. Adding to that we might men- 
tion the path taken by the air in contact with the glass. In the 
vertical position there is very little resistance offered to the air 
as it moves up the glass; for instance, it comes in contact with 
the glass at the bottom, receives heat and rises, thus aiding in the 
transmission of heat through the glass. When it is in an inclined 
position you don’t have quite so much effect. Air comes in from 
the sides and rises in the middle, when the glass is horizontal at 
the top. If the glass is horizontal at the bottom the air has no 
chance to rise unless it passes along the glass to the edge ; that action 
takes place very slowly. That, I think, will account in a way 
for this difference in ““K”—more so than the radiation effect. 


Ws. J. Batpwirn: Some gentleman spoke of the rate of trans- 
mission through various thicknesses. I think in the ordinary thick- 
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nesses of glass that we have to deal with, the rate of transmission of 
heat, for glass of ordinary thickness, may be considered as prac- 
tically negligible. In boilers that is true. We have heat outside 
and water inside, with %4 in. of metal between. With the quarter 
inch of metal, the amount of heat transmitted in a given time, 
finds little or no obstruction in the transmission. The transmis- 
sion is dependent upon two other things, one is the hot fire out- 
side, and the other is the circulation of the water in the boiler. 
I think that is now agreed. 

In the Massachusetts Institute of Sitios a good many years 
ago, they made experiments with a copper boiler to see if they could 
do more work with a copper boiler than they could with an iron 
one. A man that had something to sell in our line, recently sent 
out a circular to the effect that where you are considering the sur- 
face of the coils in the hot water tanks, that for iron coils you took 
this one and for copper you were to take another one; that though 
copper is worth three times as much as iron, it was about 
twice as efficient in transmissive power and less would do. I know 
from practice—from actual experiment, putting an iron coil and 
a brass coil in water tanks—that it is not true judging by the 
rapidity with which the tanks would heat up. It is the same way 
with regard to the kind of glass. 

I do not say that some glass will not transmit better than others, 
but I do not think any of them will transmit sufficiently slow (not 
fast) to interfere with the taking of the heat from the air on one 
side of the glass and passing it to the other, because with regard 
to the glass, the outside air is entirely warmed by the inside air 
at the glass. One air is moving, we will say, upward because it is 
warmer on the inside of the glass, and the other is moving down- 
wards on the other side of the glass, and the rapidity with which 
they move affects the transmission and not the glass, as the glass 
can transmit immeasurably faster than the airs can exchange their 
heat. 


M. W. FRANKLIN: Referring to the remarks on radiation, the 
radiant heat will be the same in all directions. The amount of heat 
radiated in one way will be the same as that radiated in any other, 
assuming that the source of heat is uniform. Heat conduction, on 
the other hand, is a function of the heat potential, between the 
point at which the heat is produced and the coldest body within 
proximity, whether. it is a wall or a floor or a ceiling or anything 
else. The amount of heat radiated out into space, as Mr. Baldwin 
said, is subject to a correction factor in the amount of heat which 
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is reflected back. In the case of a floor it is to be expected that 
the amount of heat lost in its direction is less than it is in the 
case of any other direction, for the reason that this is a, body in 
close proximity with the source which is reflecting heat. Some 
of the heat is radiated and some is conducted. Anyway the floor 
is warmer in any circumstance than the air in contact with the 
walls and the ceiling. 

In the case of a building, there is no ceiling above it, that is, 
the ceiling of the building-itself is the ultimate ceiling. Therefore 
the amount of heat lost through the ceiling will be expected in ordi- 
nary circumstances, in the absence of sun light or sun heat, to be 
a trifle greater than the loss through the walls, for the reason that 
the air at the ceiling, in the absence of direct heat from the sun, 
is liable to be somewhat colder than the air against the walls. 
Ordinarily there are other buildings in the vicinity which enter into 
the problem. I do not think the question of separating the radiant 
from the conducted heat, or the convection heat, is an important 
one, because after all it is a practical question which confronts us, 
and that is, the total loss of heat and how much heat gets out of 
the building. The loss is so delicate and so profoundly influenced 
by comparatively minor variations in the velocity of the air, and 
possibly in the proximity of other buildings, and the nearness of 
the earth and so forth, that a very slight variation will throw out 
any refined theoretical calculation. I think what is needed is pre- 
cisely what Prof. Allen is producing, namely, mathematical data, 
actual measurements of the laws of heat with given conditions 
within and without, and from them we have to construct rules and 
publish sheets and tables to refer to in the case of buildings. 

As to the heat conduction of glasses, I don’t think it is important 
in the case of glass. I agree wholly with Mr. Baldwin that the 
differences in thicknesses met with in practice are so small, and 
the differences of temperature are usually so large that it is not 
material, but, when we come to bricks, concrete, wood and mortar, 
or walls which are compounded of various things, with air spaces 
in between, I think the thickness becomes a very important factor. 
Certainly there is a great difference in the heat losses through a 
2 in. concrete wall and that lost through a 6 in. concrete wall; 
and the same is true of brick walls, and again the same is true of 
compound walls. I think it would be valuable to have some laws 
if these can be formulated—at least rough laws—from which you 
can calculate the actual loss of heat under any given conditions. 
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J. J. Bracxmore: Professor Allen overlooked answering one 
of the questions I asked. That is, is it possible to detect airy dif- 
ference between the loss per degree difference when there is an 
extreme difference between the inner and the outer temperatures ? 
Temperature differences run as high as 82 deg., and they run as 
low as 25 deg. I know ordinarily we take the temperature per 
degree difference as being just the same; but it is just possible in 
extremes that the temperature loss per degree difference, might be 
greater than has been calculated on. It is one of the results that 
might be looked for in such an experiment. 


Tue Avutuor: There isn’t enough data to be able to say that 
there is a difference; I think there is a difference. I am pretty 
certain that “K” is not a constant but is a variable. We have not 
experimented enough to determine what that variation of .“K” is; 
but undoubtedly it varies. 

In regard to the loss of glass, vertical and horizontal, we find 
that when horizontal as the ceiling, the loss is usually a little less 
than vertical. The reason for that seems to be the fact that when 
the glass is placed vertically we have conduction currents moving 
over the glass surface. When it is placed horizontally we have 
practically no motion along that glass. If the glass is in the interior, 
the entire space is in a quiescent state, and there the difference 
would be accounted for by the difference of the movement of the 
air. But, of course, at the ceiling, you have a higher temperature, 
and that higher temperature making a greater difference in tem- 
perature between the inside and the outside, may account for the 
fact that there is so little difference. That is, the high difference 
of temperature on the two sides of the glass in the horizontal posi- 
tion compensates for the movement of the air along the glass in the 
vertical condition. 


H. M. Hart: Mr. Baldwin brought out one point here that I 
think we are rather interested in, and that is regarding the trans- 
mission of heat through copper versus iron coils in a water heater. 
Perhaps I am wrong, but I have been laboring under the impres- 
sion that the copper or brass coil for heating water had a much 
greater efficiency than iron, in fact about 50 per cent. greater. 
I would like to know if there is any one here that has anything 
further to say on that subject. 


Tuos. R. Woottey: I think one of the big advantages of the 
copper heating coil in a hot water tank over an iron coil is that the 
greater expansion and contraction of copper with changes of tem- 
perature causes the accumulation of scale in the pipes to break 
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off. Therefore for long periods of operation you are assured of 
cleaner pipes and consequently more efficient heating surface with 
a copper coil than with a steel pipe coil. 


Tue AuTHoR: With regard to the difference in the transmis- 
sion of heat through cast iron, wrought iron and copper, in most 
cases there is no appreciable difference. Our experiments show 
that in transmitting heat through radiating surfaces there is no 
difficulty in getting the heat through the material composing the 
surface, but the difficulty is in getting the heat away from the sur- 
face. In the ordinary cast iron radiator, the thickness of the 
material composing the radiator makes no difference in the heat 
transmission. 

This no doubt would be the same in different forms of coils. 
Much more heat can be transmitted through the material itself 
than can be taken away from the surface. In most cases the form 
and the condition of the surface of the coil is more important than 
the material of which the coil is composed. 


J. J. Buackmore: I have made some experiments. The supposi- 
tion that brass or copper coils will heat water more rapidly than steel 
or iron is due to the fact that the conductivity of brass or copper is 
much greater than that of iron. The trade has assumed because 
the conductivity is greater that it must be of greater value. But, 
as a matter of fact, iron or steel has a conducting power sufficient 
to take through the heat as rapidly as the water can absorb it, 
even with a rapid circulation of the water. Therefore as a water 
heating proposition, iron is just as good as brass or copper, pro- 
vided, of course, that they are equally clean and that the question 
of durability is not a factor. 


F. H. VALENTINE: I have had considerable experience with hot 
water heaters in connection with central station service, and have 
found that the comparative efficiency of copper coil and iron coil 
surfaces all depends on the type of coil that you are using. I think 
the difference between the efficiency of the copper and iron surface 
lies in the time limit for heating the tank. If a unit pipe coil 
heater is considered immersed in a large body of water in relation 
to the actual heating surface, I do not think there is much differ- 
ence between the relative efficiency of the copper and the iron, 
but if a so-called instantaneous type of heater can be used where 
there is a rapid circulation of a thin layer of water over a large 
prime heating area, then the difference in efficiency between the 
copper and iron is considerable. 
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nace is attended by difficulties seemingly out of all propor- 

tion with the simplicity of the furnace itself. Having to 
deal with relatively large volumes of air, moving at low velocities 
and under low pressures, introduces a considerable obstacle in itself, 
since the available methods of measuring air are less accurate at 
such low pressure heads. A further difficulty, due to the compara- 
tively low heat storage or heat content of the warm air furnace, 
which is of course practically limited to the weight of the metal 
alone, lies in the wide and rapid variation in temperature and 
velocity of warm air, making the periodic determination of values 
unreliable as a basis for assuming total values over longer periods, 
or interpolation. The necessity for preserving natural conditions 
of pressure and temperature of the air also complicates the pro- 
cedure, for to use air at 70 deg. fahr., or under forced draft, is to 
entirely vitiate the results. 

Perhaps the first problem encountered in conducting efficiency 
tests was the question of firing. The “standard” method was found 
to be impossible owing to the enormous error in “judging” the heat 
stored at starting and stopping. The alternate method was used 
with considerable success on long runs of 18 hours or more, but 
proved unreliable on shorter runs, successive tests failing to check 
closer than about 8 per cent. due to uncertainty as to the state of 
the fuel bed at starting and stopping. 

In order to eliminate this uncertainty, a “balance” method was 
devised and has been used for some time with considerable success. 


cw determination of the characteristics of a warm air fur- 
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On the principle of the Junkers calorimeter, the furnace is charged 
with known constant quantities of fuel hourly or oftener, and deter- 
minations of air temperatures, air velocities and flue temperatures 
are made at ten minute intervals, until all values are either con- 
stant, or, in the case of high combustion rates, show a regular varia- 
tion with the firing. It is obvious that when this condition is 
reached, the output, plus the losses, balances the input and a deter- 
mination of output and losses is accurate to the limits of the meth- 
ods of determination. At relatively high combustion rates, the read- 
ings eventually show a regular fluctuation with each firing period, 
when it becomes easy to accurately total the values determined. At 
moderate combustion rates, however, and with a normal depth of 
fuel bed, the fluctuation is negligible and successive readings will 
check closely over long periods. 


AIR MEASUREMENT 


The most difficult problem—that of determining the velocity of 
the warm air—has not yet had a fully adequate solution. The 
methods commonly used are: The anemometer, the Pitot tube and 
inclined manometer, and the Thomas electric meter. 

The anemometer is at once the most convenient and the least 
accurate method. However, when calibrated under working con- 
ditions in place, in the manner described by John R. Allen in the 
January, 1916, issue of the Journal (see page 293 of this Volume), 
the accuracy is much improved. The Pitot tube and inclined manom- 
eter, which are used to check the anemometer, require careful 
selecting as to proportioning of orifices. Excellent results have 
been obtained with the American Blower Company’s form of tube 
and gauge. The use of the Thomas meter has been somewhat lim- 
ited and no data as to its results are available at this time. 


DIRECT DETERMINATION 


The writer has done some experimental work looking toward the 
direct determination of the heat content of the warm air, which 
is here described in the hope that it may prove suggestive of further 
developments along this line. By interposing in the path of the 
warm air, a large cellular radiator of the type used on automobiles, 
a considerable proportion of the heat of the air may be transferred 
to water without causing an excessive pressure drop; in fact, the 
resistance offered by the radiator is quite comparable with the 
resistance of the piping and registers in a typical working installa- 
tion. The temperatures of the air on each side of the “absorber” 
are best determined by electric resistance thermometers comprising 
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grids of nickel wire, the resistance of which is determined with a 
Wheatstone bridge. The flow of water through the absorber is 
adjusted to a constant value—by means of a constant level attach- 
ment or otherwise—and the temperature rise noted, preferably on 
Beckmann thermometers. 

From the observed data, the weight of the air is calculated as 
follows : 



































T = temperatures of warm air entering absorber, deg. fahr. ; 
t = temperatures of warm air leaving absorber, deg. fahr. ; 
w == temperatures of water entering absorber, deg. fahr. ; 
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FIG. 1. ARRANGEMENT OF FURNACE CASING USED IN TESTING. 
W = temperatures of water leaving absorber, deg. fahr. ; 
L = weight of water leaving absorber in lb. per min. ; 
A = weight of air in lb. per min. 
O2876. A €7-6) se LE (IGM) 00s 066s acca (1) 
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0.2375 (T-t) 
The heat content of the air in B.t.u. per minute, H, may be cal- 
culated as follows: 
If H = B.t.u. per min. and 
E = temperature of cold air entering furnace, deg. fahr.; then 
Oe OE OE 1k RRR. 0b iconvdeunsdadpcentep anno enone (3) 
It will be apparent that the accuracy of the method depends upon 
the accuracy of measurements on the temperature of the warm 
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air. This, however, is considerably greater with nickel grid resist- 
ance thermometers than with mercury thermometers for the 
reason that with a considerable length of nickel wire, average 
values are obtained throughout the area of air passages, auto- 
matically. Several factors contribute to the accuracy of the method 
such as the relatively great temperature drops obtainable which 
lessen the relative value of the errors of observation on both the 
water and air. Furthermore, by using the balance firing method 
the whole apparatus may be maintained in thermal equilibrium for 
considerable periods with consequent facility of observation. 

It is probable that a direct reading differential arrangement of 
the resistance thermometers would further facilitate observation 
especially where the temperatures vary. It is hoped that other 
refinements will suggest themselves, and that the method may be 
developed further. 

SIGNIFICANCE OF RESULTS 

Once the methods and instruments of testing have been developed 
to the limit of availability it becomes possible to investigate the 
thermal characteristics of a furnace from several viewpoints. The 
ratio of heat delivered to heat available in the fuel may be deter- 
mined under various conditions as to rate of combustion and ratio 
of grate area to heating surface (“heating surface” being the area 
of wall surface maintained at a higher temperature than the warm 
air in contact) and with various lengths of gas travel between fuel 
bed and pipe collar, such data being of particular value in the 
design of furnaces. 

One fact which will at once make itself apparent from a study 
of the data obtained on such tests, is the profound influence of the 
rate of combustion on the efficiency. For example, a furnace of 
conventional type was found to deliver to the warm air 78 per cent. 
of the B.t.u. content of the coal at a rate of 15 lb. per hour, while 
the same furnace burning 10 lb. per hour delivered 86 per cent. to 
the warm air.* Another furnace of similar type, but very much 





* The conditions of testing were as follows:—The furnace was a Jewel 
No. 31 having a grate area of about 5 sq. ft. and of stock specifications. The 
fuel was anthracite, fired at the rate of 10 lb. per hour, or about 2 Ib. of 
coal per sq. ft. of grate per hour. The usual determinations of tempera- 
tures and of flue gas composition were made as in the other tests, the only 
difference being that, owing to the very low combustion rate, the air values 
were abnormally low in velocity and temperature. 

The data on flue gas composition tells the story, since we obtained 
O.—68 per cent.; CO.—14 per cent.; CO—none, with a flue temperature of 
405 deg. fahr., which according to Wm. Kent (“Steam Boiler Economy”) 
would correspond to a loss of about 11.5 per cent. in the flue gases and would 
leave about 2.5 per cent, for radiation and ashpit losses which are negligible 
at such low rates. 
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smaller, showed 64 per cent. efficiency at 10 Ib. per hour and 71 
per cent. at 5 Ib. per hour. The reason for this effect probably 
lies partly in the inherent characteristics of the warm air furnace 
which permit of relatively higher temperature limits of heating 
surfaces with consequent increase in radiation losses, and partly 
in the greatly increased flue losses at the high temperatures, and 
high excess air content incident to high combustion rates. By 
“high” rates are meant rates above 5 lb. per sq. ft. of grate, per hour. 
The arrangement of the furnace casing for testing is shown in 
Fig. 1. 

An evident corollary of the above fact is that for every size of 
furnace the preferential combustion rates may be defined within 
narrow limits, with consequent advantage to all concerned. 
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FIG. 2. DOUBLE ECONOMIZER ARRANGEMENT USED IN INVESTIGATING 
FLUE GAS LOSSES. 





At normal and low rates of combustion, the losses in a furnace 
seem to be confined practically to the flue losses. Tests to establish 
this fact have been made in the following manner: The furnace 
was provided with a 1 in. insulation of asbestos felt secured to the 
outside of the casing by wires in such a way that it could be very 





The authority above referred to also says that “low rates of 10 lb. per 
sq. ft. in furnaces (boiler) produce so small a radiation loss that the furnace 
reaches an actual temperature nearly as high as that reached at 20 to 40 
Ib. per sq. ft., the loss in the latter case being due to the considerable incre- 
ment of excess air necessary.” 

We were working at 2 lb. per sq. ft. It might be said that this rate is 
lower than is practicable on the job. My point, however, is that at low 
rates the efficiency of the warm air furnace is high to a degree unrealized. 
For every size of furnace the preferred combustion rates may be defined 
within narrow limits, and it will be self-evident, I think, that by promoting 
the sale of generously large furnaces, everyone will benefit. 
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quickly removed. The furnace was then “balanced” and was run 
in equilibrium for an hour, with nearly continuous readings of tem- 
peratures and velocities of warm air. The insulation jacket was 
then quickly dropped, and continuing the firing as before, the read- 
ings were carried on for another hour. The difference was within 
the magnitude of the inherent error—about 1.5 per cent. The com- 
bustion rate in this test was 4 lb. anthracite per sq. ft. of grate per 
hour, the net efficiency was 80 per cent. and the flue gas tempera- 
ture was 465 deg. fahr. with a proximate analysis as follows: O, = 
0.101; CO, = 0.103; CO = 0.002. 

To further investigate the losses via flue gases, tests were made 
with a doubled length of gas passage in the radiator (“economizer” 
better describes this portion of the appliance) in comparison with 
a standard length of gas passage. Two economizers were super- 
posed and dampers arranged so that the gases could be directed 
through both in series or through one alone, thus conveniently 
doubling the gas travel at will (see Fig. 2). The results were as 
follows : 





Single Double Gain 
Economizer Economizer Per Cent 
Total furnace efficiency.... 58.8 64.3 5.5 
Temp. drop through...... 750°-560°=25% 750°-460° =39% 14.0 
Pres. drop (in. water).... 0.05 0.06 0.01 (loss) 
‘inal temp. waste gases.... 560° 460° 17.8 


Therefore the losses through high temperature of waste gases 
were reduced over 5 per cent. by doubling the length of gas travel, 
with the requirement of 0.01 in. increased draft pressure. The 
effect would of course be greater at higher rates and less at lower 
rates than the 15 lb. per hour (total) used on the test. 

It will be evident that in all tests on the localization and mag- 
nitude of losses, the balance firing method is of great assistance 
since it practically insures that any change of observed values is 
due to the change in the arrangement of the apparatus and not to 
the change in rate of combustion through the burning down of the 
fuel bed. 

It is hoped that further use of the method may be found in such 
work as the exploration of furnace casings for temperature and 
pressure distribution, in determining transmission coefficients for 
various surfaces at various velocities and temperature of air, and 
the relative value of different portions of the heating surface. And 
in conclusion it is hoped that the difficulties in the path of the in- 
vestigation of warm air furnaces have at least been suggested 
temptingly enough to arouse the wider interest the question deserves. 
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DISCUSSION 


Pror. JOHN R. ALLEN: I would like to ask Mr. Davenport first 
as to the balance method of firing. Of course, the balance method 
of firing, as I understand it, would not give the commercial rating 
of the furnace; would it not be more particularly used as regards 
the determination of efficiency ? 

Another question I would like to ask is in regard to the tempera- 
ture of the furnace. I see you have taken the temperature of 
the inside of the furnace as 750 deg.; I would like to know how 
the interior temperature of the furnace was determined. 


W. F. Verner: As I understand this paper it is primarily a 
discussion of methods for testing hot air furnaces. I was wondering 
if Mr. Davenport obtained satisfactory results from the tests con- 
ducted along the lines he suggests. They would be very valuable 
to have in order to make a study of some of the results obtained 
from the tests carried out along those lines. 


THe AutHor: As to the commercial rating of a furnace as influ- 
enced by the balance method of firing, it is quite true that in ordi- 
nary commercial applications a furnace is not balanced in the sense 
that I use the term, and the method strictly speaking, is an instru- 
ment of research. However, the point was made that once prefer- 
ential rates are determined by this or some other method, that 
universal benefit will result from specifying those results to the 
trade, and that a great deal of the difficulty experienced in adapting 
furnaces to practical use has been through an endeavor to run them 
at too high rates. Therefore, these two aspects of the question 
touch in their relation to the installation of the furnace only when 
we are able to specify the best rate at which a furnace may be run 
and take reasonable means to insure that it shall be run at that 
rate. 

As to the temperature (inside) of 750 deg. fahr., the method 
available was by use of a nitrogen-filled thermometer and a pyrome- 
ter, which were inserted through the end of the radiator or 
economizer, or through an opening and which did not give the 
true temperature of the gases, but a composite or complex of the 
temperature due to radiation, and of the temperature due to the heat 
in the gases themselves. However, the instruments used were the 
same at both ends of the economizer, and since the object sought was 
to establish a gradient, or difference of temperature between the two 
ends, these methods served their purpose.. We have done some 
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work looking forward to separating the effects of radiation and 
convection, but I must say that we have no worthy result yet. 

As to the detailed results obtained by the methods outlined in 
this paper, it was not my objective to give at this time these results 
in detail, but rather to encourage investigation along these lines 
with a view ultimately to sift out from the mass of rather con- 
flicting data, such data as can be conscientiously accepted by all 
of us. I therefore was and am reluctant to give in an authori- 
tative way, such results as I have now obtained, without further 
opportunity for research. That applies more particularly to the 
efficiencies. 


FRANK K. Curw: In Professor Allen’s paper in January, and 
in Mr. Davenport’s paper now is a response to the demand of a 
large number of furnace users to get at some means of deter- 
mining what a furnace will do. The rating of furnaces on the 
cubic feet of space that they will heat with no consideration of the 
surface exposed for heat transmission is a good deal like the ques- 
tion: “How big is a pound of butter?” It is very vague. Prof. 
Allen gives in his paper one method of testing a furnace which 
is similar to that used by various manufacturers for testing. It 
seems to me that here is somewhat of an answer to what I recom- 
mended yesterday, that the Committee on Tests should formulate 
a plan on which tests of different kinds should be conducted. 

We have two new methods of testing furnaces, not so wonder- 
fully different. While Prof. Allen carried his through and gave 
results, Mr. Davenport says that it not his purpose at this time, 
but he wants other people to try out methods of testing, so that 
after a while, from the information so provided a proper and 
acceptable method can be adopted. In that respect I think Mr. 
Davenport’s paper is quite an addition to the information that is in 
the archives of the Society, because I believe that it is the duty 
of the general membership to see that the archives of the Society 
contain data on every subject in its field. We heard said yesterday 
that a man who started on something new and went into the 
archives of the Society, found very little there for his guidance. 
That is not the fault of the Past Presidents for a good many years, 
but that is the fault of the membership for a good many years. 

I am glad to be able to point out the responsibility to these new 
members. There is nobody but these new young men that are 
coming in, to put in the archives what should be there. The func- 
tion of the officers of the Society is simply to guide it and to 
direct it along the lines which would be most effective, and it is 
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for the other fellows to supply the ammunition to accomplish 
effective results. 

In that respect, what Prof. Allen has done in the January paper, 
and what Mr. Davenport has done now is good. But there is 
something more needed, and I hope when Mr. Emswiler talks 
about the flow of air in pipes, he won’t stop where he is now, but 
will go into the flow of air in furnace pipes. Very little attention 
has been paid to the friction between the point where the air is 
heated and the point where the heated air is delivered. That is 
another suggestion for somebody else to do the work. 
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COEFFICIENT OF FRICTION OF AIR FLOWING IN 
ROUND GALVANIZED IRON DUCTS 


By J. E. Emswiter,* Ann Arsor, Micu. 


Nen-Mfeutber 


coefficient of friction of air flowing in round galvanized iron 
ducts. They constitute the first of a series of tests to be 
carried out in the Mechanical Laboratory of the University of 
Michigan for the investigation of this coefficient under a wide range 
of conditions, embracing different materials, cross-sectional shapes, 
and obstructions of various kinds. 
The commonly accepted expression, connecting static pressure 
loss in a pipe conveying air, due to frictional effect, and velocity, is: 


Bet tests described in this paper were made to determine the 


RL 
h, = f — -—— ‘ 
A 29 
where h, = loss of static pressure in ft. of air: 
f = coefficient of friction; 
R = perimeter of duct in ft.; 
LL = length of duct in ft.; 
A = cross-sectional area of duct in sq. ft.; 
V = velocity of air in ft. per sec.; 


g = 322. 

(See article by J. H. Kinealy, Vol. XI of The Transactions, p. 
188; also article by L. \. Harding, Vol. XIX of The Transactions, 
page 214.) 

Inserting the data obtained from the tests into the above equa- 
tion, and solving for f, values of the coefficient have been found for 


* Assistant Professor of Mechanical Engineering, University of Michigan. 
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the different velocities and for two different sizes of round gal- 
vanized iron pipe, viz.: 6-in. and 12-in. diameter. The curves of 
Fig. 1 show the values of the coefficient plotted against velocity, for 
the two sizes of pipe. 

The elements of the apparatus used in making the tests consisted 
of a long galvanized pipe or duct, a fan driven by belt from a motor, 
for producing the flow of air, and pitot tubes, together with suit- 
able manometers, located along the pipe. Fig. 4 shows 2 diagram- 
matic layout of the apparatus. 

The test pipe’ is of galvanized iron, made up of 28-in. lengths, 
fitted together by 2-in. slip joints. The longitudinal seams consist 
of interlocked joints, and were covered with heavy enamel paint to 
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FIG. 1. VALUES OF THE COEFFICIENT OF FRICTION PLOTTED AGAINST 
VELOCITIES IN THE TWO SIZES OF PIPE FOR COMPARISON. 


prevent leakage. The slip joints were wrapped with electricians’ 
tape, and sometimes painted in addition. A sufficient number of 
sections of 6-in., 12-in. and 18-in. pipes were made up to give a 
total length of about 100 ft. each. Tests have been made on the 
6-in. and 12-inch sizes. 

A No. 4 Sirocco fan was used to furnish the flow of air. It was 
belted to a variable speed motor, and the velocity of air in the pipe 
could be varied at will by adjusting the speed of the motor. 

In order to secure the necessary information about the velocity 
of the air and its static pressure, pitot tubes were located at three 
sections along the pipe. One station was about 10 or 15 ft. from 
the fan, another was about the same distance from the delivery end 
of the pipe, and the third was midway between the other two. The 
pipe was in this way divided into two equal sections of 35 or 40 
ft. each. 
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Pitot tubes, of the American Blower type, wére used to measure 
the velocity and static pressure of the air in the pipe at the dif- 
ferent stations. The pipe was, in most cases, traversed in two 
planes at right angles, the final results being obtained from the 
average of 20 readings, 10 in each plane. 

The registrations of the pitot tubes were indicated on manometers 
containing gasoline or kerosene, and slanted sufficiently to give a 
magnification of from 2 to 20 times the vertical deflection. The 
greatest care was necessary in the use and adjustment of these 
manometers because of the very minute pressures dealt with. 
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FIG. 2. CURVES OF THE COEFFICIENT PLOTTED AGAINST VELOCITY FOR 
THE TWO SECTIONS OF 6-IN. PIPE. 


For the later tests the static connections of the pitot tubes at 
stations No. 1 and No. 2 were joined to the two legs of a single 
manometer, by long pipe connections, thus enabling the observer to 
read directly, the difference between static pressures existing at the 
two stations. In similar manner, stations No. 2 and No. 3 were 
connected (see diagram, Fig. 4). 

At low velocities, the indications of velocity pressure become very 
small, and difficult to read. In order to get away from very low 
velocity head readings, a box or reservoir was connected to the 
delivery end of the pipe. One side of the box consisted of a plate 
with a number of 2-in. sharp edged orifices. Any number of ori- 
fices desired could be used. The air, in order to escape from the 
test pipe, had to pass into the box, then through an excelsior mat- 
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ting acting as a baffle to break up direct disturbing currents, and 
finally out through as many orifices as were open. The static pres- 
sure within the box, which could be kept high enough for easy read- 
ing, was observed and became an indication of the amount of air 
flowing, after the orifice coefficient had been determined. 

In testing, the three pitot tubes were set in corresponding posi- 
tions of the traverse, and simultaneous readings of the manometers 
taken. Then the tubes were shifted to the next position of the trav- 
erse, and readings again taken, and so on. Observations of tem- 
perature and barometric pressure were also taken from which the 
density of the air could be computed. 
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FIG, 3. CURVES OF THE COEFFICIENT PLOTTED AGAINST VELOCITY FOR 
THE TWO SECTIONS OF 12-IN. PIPE. 


The curves of Fig. 2 (for 6-in. pipe) and of Fig. 3 (for 12-in 
pipe) show the coefficient plotted against velocity. In both cases 
the coefficient is higher for the first section of the pipe (that is, the 
section nearest the fan) than for the second section. The points 
exhibit a considerable deviation among themselves; yet there can 
be no doubt as to the trend of the curve. 

The averages of the two sections for each pipe have been plotted 
to give the curves of Fig. 1. 

Two points of importance are brought out by the curves. In the 
first place, the value of the coefficient rises rapidly with lower 
velocities. It may not be strictly correct to say that the coefficient 
varies with the velocity. More than likely, it would be nearer cor- 
rect to suppose that the static loss is related to the velocity with 
some exponent other than 2. But since the formula already given 
is the one in general use, it is better to consider that the coefficient 
changes with velocity. The usual value for the coefficient given in 
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handbooks, and used in computations, is about 0.006... This appears 
to be a good average value, but according to the curves, is correct 
for only one velocity. 

In the second place, the coefficient is naaihaiie higher for the first 
section of the pipe than for the second. This difference is probably 
to be accounted for in the difference in the nature of the flow of 
air near the fan, and distant from it. Near the fan, the air flows 
with more disturbance and interference. As it passes farther along 
the pipe, its movement becomes more regular, and the frictional 
effect is less. This is verified by the very interesting fact that the 
center velocity of the air in the pipe near the fan is not much dif- 
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FIG. 4. THE APPARATUS USED FOR TESTS OF THE COEFFICIENT FOR 
ROUND GALVANIZED DUCTS. 


ferent from the average velocity; while at a more distant station 
from the fan, the center velocity is much higher than the average, 
indicating that more of the air is passing through the center of the 
pipe, thus coming less into contact with the confining surface. 


DISCUSSION 


J. R. McCoti: J would like to ask Professor Emswilet how 
many readings for velocity he'took across the pipe; how he divided 
the zone area for those readings. 


Pror. Joun R: Atten: I would like to ask what effect the 
size of the pipe had upon the co-efficient in that form. 


W. F. Verner: As Prof. Emswiler. brought out, you can find 
some power of V so that F will become a constant. The German 
authorities give us this co-efficient in terms of the velocity and the 
perimeter, and as I recall it, these values are very close to the 
values that would be obtained if we used Rietschel’s equations. 

Another thing that is of interest is the relationship between this 
co-efficient and the one for steam. No doubt, most of you know 
that the ordinary equation for steam is derived from the equation 
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for the flow of air in tunnels, the experiments being made in 
France at one time. The difference between this co-efficient and 
the one for steam is simply a factor of 4. You take the area of 
the circular duct and you introduce «/4 d*. If you multiply this 
co-efficient for air by 4, you get the co-efficient sometimes used for 
steam in pipes. 

Another thing of interest, is, how that co-efficient approaches a 
constant at high velocities. Note how it approaches the value for 
steam as the velocity increases. We generally run steam at veloci- 
ties of 1,000 ft. or more in our steam mains, and we find this co- 
efficient approaches a constant value, that is, the line is almost 
horizontal, and the only difference is due to the diameter. Bab- 
cock’s equation for steam indicates that the co-efficient varies only 
with a change of diameter. The question is just how much. 


J. J. Buackmore: I would like to ask what the difference was 
between the readings in the three Pitot tubes that were used in 
the different lengths of pipe, and whether the velocity of the first 
half of the pipe was compared with the second? 


H. M. Hart: I would like to ask about the condition of the 
air regarding the temperature and relative humidity; if records 
were made of that, and if there was any loss in the temperature of 
the air from the inlet of the duct to the outlet ? 


Tue AvuTtHor: In answer to Mr. McColl’s question, I will say 
that the pipe was traversed on two diameters, readings being taken 
at ten points on each diameter. The area of the pipe was divided 
into five equal concentric areas ; and then each area into concentric 
halves by a dividing circle. The Pitot tube was placed successively 
on the ten intersections of each diameter with those dividing circles. 
The final values were therefore the result of an average of 20 
readings across the pipe. 

At the three stations the three Pitot tubes were all changed in 
position at once, and the readings taken simultaneously on cor- 
responding positions of the traverse. 

The influence of the size of the pipe on the co-efficient I think 
is answered in Fig. 1, in which it is shown that as far as the 
test of these two sizes of pipe is concerned, the co-efficient was 
somewhat lower for the 12 in. than for the 6 in. Whether that 
tendency will continue or not when we go to the 18 in. size pipe, 
of course, I am unable to say. 

For many of the tests, the velocity in the pipe was determined 
at all three stations. Now, we would expect the velocity to be 
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the same at all three stations, provided the size of the pipe is not 
changed, or there is no loss of air by leakage. In nearly all our 
first tests the velocity was somewhat higher at the first station than 
at the other two, and as a rule a trifle higher at the middle station 
than at the last, indicating that there was a little leakage of air out 
of the pipe, particularly between the first and second station, where 
the static was higher. This leakage was finally eliminated or 
reduced to a negligible quantity by exercising the greatest care in 
sealing the joints of the sections; so that in our latest tests we 
feel perfectly sure in measuring velocity at one point. 


J. J. Brackmore: Did you find between the walls, of say, the 
first station that there was a good deal of friction of the particles 
along the walls; was there a measurable difference in the velocity? 


Tue AuTHor: Across the pipe? 


J. J. Brackmore: Yes. 


Tue AutHor: Across the pipe, at the first station, there was 
not a great deal of difference in velocity at the center and at the 
walls, though the center velocity was somewhat higher. At the 
middle station, the center velocity began to forge ahead. At the 
last station the center velocity had forged away ahead of the wall 
velocity so that if the velocity were plotted on the diameter of the 
pipe as a base, we would have quite a steep curve, high in the center, 
and low at the walls. This indicates that the air had settled down 
to a regular condition of flow, with nearly all the air passing 
through the center and insulated from contact with the walls of 
the pipe by a cylinder of relatively slow moving air, thus reducing 
friction. On the other hand, at the station nearest the fan, the air 
is still influenced by the initial disturbances given it by the fan, and 
no slow moving cylinder of air can be maintained along the wall, 
and more friction results. 


J. J. Brackmore: The velocity was calculated to be different 


as the report indicated ; that is, for the last station, the velocity was 
behind the average. 


THe AuTHorR: The average does not differ much at the several 
stations, but the distribution of velocity across the section was con- 
siderably different between the first and last stations, as has just 
been pointed out. 

As to the condition of air, the humidity and temperature, as well 
as the barometric pressure, were read in every case, and in deter- 
mining the co-efficient, or determining the velocity, the density of 














544 Discussion oF THE FLow or Air in Rounp Gatvanizep Ducts 


air was determined with all three variables applied. As far as any 
indications of a change of temperature from the time the air 
started into the pipe, until the time it left, we were unable to 
determine any change whatever. It was totally outside of the 
range of an ordinary thermometer, at least, to determine. 


H. M. Hart: May I ask at what temperature and at what rela- 
tive humidity these co-efficients were established on? 


Tue AutTHor: They were determined at whatever temperature 
or pressure or humidity happened to exist at the time.. 


H. M. Hart: They would be variable quantities, wouldn't they ? 


Tue AutHor: Yes. I have gone on the supposition, however, 
that this co-efficient was dependent on the density of the air and 
the density takes in all these three factors, so that if the density 
was determined, taking them into consideration, we have eliminated 
the influence of their variability and reduced everything to a com- 
mon basis. 


H. M. Hart: That is for comparative purposes? 


Tue Autuor: No, for absolute results. In applying the co- 
efficient, we would have to go back to the formula, 


RL V? 
h, = f —- — 
A %8 


With the co-efficient f known, and the other variables on the 
right hand side known, h,, the loss of pressure in feet of air due to 
friction, can be computed for any given case. But loss of pres- 
sure in feet of air, means but little to us, and must be converted into 
inches or ounces pressure, to have any significance. In making this 
conversion, it is necessary to know the density of air; and in order 
to compute the density, we must know what the barometric pres- 
sure, temperature, and humidity are for the given case. When we 
know these factors, we can compute definitely what the loss of 
pressure is in inches or ounces. 

When f was being determined by experiment, the barometric 
pressure, temperature, and humidity, all had to be observed, in 
order to get h,. The other variables of the equation were found 
by observation, and then f was solved for. Its value therefore 
takes into account the influence of pressure, temperature, and humid- 
ity, and is not a quantity that can be used only in cases where the 
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same pressure, temperature, and humidity prevail, but is absolute 
as far as they are concerned. 


THE Presmpent: I think we all feel the need of some up to 
date data on friction losses in air ducts; for practical purposes, we 
ought to have something that we can apply, especially on friction 
loss in elbows. I find that there is quite a difference among dif- 
ferent authorities as to the friction loss in elbows. Of course, this 
is where they have to start. I suppose that the elbows will be 
coming on, and the relation of the round pipe to the rectangular 
pipe is what we have to get next, because we are dealing with rec- 
tangular pipes in about nine cases out of ten. 
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ENGINEERING AND COST DATA RELATIVE TO 
THE INSTALLATION OF STEAM DISTRIB- 
UTING SYSTEMS IN A LARGE CITY 


By F. H. VaLentINE, CLEVELAND, OHIO 


Member 


OME of the first questions to be decided in the construction of 
S a pipe line are its location, cost, and revenue. Location depends 
upon several factors, the most important of which is the ease 
with which the transmitting unit or pipe line may be installed from 
the power house to the iocations of the customers. 

In arriving at the cost of installation, the factors of labor, ma- 
terial, paving, inspection, and maintenance have to be considered. 

Generally speaking the construction of underground steam mains 
per foot is more expensive than the construction of any other under- 
ground installation. Any operation which involves the disturbing 
of the street surface brings with it in addition to the usual engi- 
neering problems, a multitude of incidental ones which must be 
handled and solved by the engineer as a part of the whole engi- 
neering work under his charge. 

The character of the soil underlying the site for the pipe line 
should be carefully examined in order that the foundation can be 
so planned as to keep the load imposed by pipe and fittings within 
the safe limit. I'or pipe lines up to and including twenty inches, 
with ordinary soil conditions, no special attention as to foundation is 
required, but the writer strongly recommends that test holes be dug 
at numerous points along the site of the line that the character of 
the soil may be determined. 

The principal problem of constructing a steam line in cities is not 
above but below the street surface. Here you will meet with a 
crowded irregular alignment of sewers, water mains, gas mains, 
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duct banks and distributor conduits, for telephone, telegraph, and 
electric power service. 

Investigations of sub-surface conditions in advance of construc- 
tion work will enable the engineer to determine in a general way 
the alignment for the steam pipe, together with such information 
as can be obtained from complete or incomplete records of various 
public service corporations and from surface indications of existing 
sub-surface structures. Some special investigations should, however, 
be made in advance of the work. These should cover points known 
to be exceptionally difficult or complicated, such as street inter- 
sections along the route. 


DRAWINGS 


In order that the foreman may understand the scope of the work 
to be performed and the details of its construction, complete and 
accurate plans with specifications defining the methods of construc- 
tion, material, etc., to be used are a necessity. It is also well to 
make assembled drawings showing the street and its contents in plan 
and as many elevations as may be necessary to make the arrange- 
ment perfectly clear. Assembled drawings insure all parts of the 
line fitting together properly and mistakes such as attempting to 
run steam pipes where water pipes exist and so on, are prevented. 
Twenty feet to an inch is about as small a scale as can well be used. 
Elevations and special details should be drawn to a scale not less 
than 4 inch to the foot. All proposed locations of manholes and 
details of trap connections should be detailed at the larger scale. 

Having determined the location for the distributing main the 
next step would naturally be to determine what size of pipe should 
be used, and in determining the size of the main or mains to be 
installed the following brief method is meant to be suggestive only 
and the discussions of the various points are omitted. First, the 
territory to be heated should be canvassed, carefully determining 
in as accurate a manner as possible the size of the present buildings, 
the possible life of these existing buildings and the possible future 
increase that might be expected for the next ten to fifteen years. 
The analysis of these results will give a fair approximation of the 
maximum load or demand that will, be required at any one time on 
the lines. The next important step is to plot out the district in 
question into sections—say by streets—showing the maximum 
amount. of radiation in demand along each section. Designate if 
you please the sections as Section A, B, C, etc., and from this dia- 
gram proceed to determine the size of main needed for any one 
section or group of sections, keeping in mind any possible extensions 
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that may be required. These sizes can be readily determined from 
the following formula known as D’Arcy’s formula for flow of 
steam in pipes, namely: 


| W?L 
V Cw (P— FP”) 
where 
d = diameter of the pipe in inches. 
W = pounds of steam per minute. 
w = weight per cubic foot of steam at line pressure. 
(P — P’) = drop in pressure. 
L = length of main in feet. 
C = constant depending on size of pipe and can be assumed as 


follows: 
20” = 62.9 19° = G2 
18” =. 62.7 10” = 61.8 
16” = 62.6 9g” = 61.2 
14” = 62.3 » == a7 


The writer would revise this formula to read thus: 

jw (P— P’) d® 
5 IN 
then assume a size of pipe and balance the equation; after a little 
experience the engineer should find it easy to estimate very 
closely the required size without much experimenting. 

Allow 3/10 of a pound of steam for each square foot of radiation 
per hour, which will be sufficient to supply the radiation and line 
losses. It is well to assume an average initial steam pressure in the 
lines of about 3 to 5 pounds gauge and a drop in pressure not exceed- 
ing 1 ounce for each 100 feet of run. Following out the same rea- 
soning for all sections of the district will give the required sizes of 
mains. 

The next important step is to so lay out this system of mains that 
the maximum number of customers can be supplied from the mini- 
mum number of fittings or outlets, care being taken to so locate each 
fitting with reference to the buildings that the shortest possible 
lateral may run from the main to the point of supply for the 
customer. 


Ww=C 


MATERIAL 


The best quality of strictly wrought iron line pipe must be secured. 
pipe being fitted with what is known as the long pattern line pipe 
couplings at all points except where fittings are placed. 

A very important consideration in laying out a system of dis- 
tributing pipes is the means provided for taking care of the expan- 
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sion of the pipes when heated. Wrought iron pipes, when placed in 
the ground cold, will wnen put under low steam pressure, expand 
or increase in leng:h. Devices must therefore be installed for taking 
care of these repeated elongations and contractions of the pipe as 
the steam is turned on and off the system from season to season. As 
far as possible these devices should be of a nature which will not 
require frequent attention or expense. 

Very ingenious devices known as variators are used for taking 
care of the expansion and contraction of lines of pipe. These ex- 
pansion devices should be placed approximately 100 feet apart with 
an anchorage fitting, for holding the stationary portion of the pipe, 
placed midway between. 

Flanged cross fittings should be placed at the intersections of all 
streets, with valves on all sides, so that extensions to the system may 
be made or repaired without affecting the operation of any other 
part of the system. The writer has learned that the initial cost of the 
extra valve, which may not seem necessary at first thought, is more 
than offset by the convenience of having it when future additions 
or repairs are made to any section radiating from that point. 

Various other fittings such as angle joints, wedges, tees, etc., are 
to be figured in the estimate of material for a pipe line, but as these 
are dependent upon local conditions the writer does not deem it 
necessary to deal with them at this time. 

It is not the purpose of the writer to discuss the merits of the 
various insulators and fittings but rather to bring out the general 
practice as learned from his experience. 


INSULATING STEAM MAINS 


One of the first questions which presents itself in the problem 
of extended distribution of steam underground, is the proper pro- 
tection of the distributing pipes and accessories against the loss 
of heat and the consequent condensation of steam. In installing 
conduit for steam pipes the selection should be made after de- 
termining its efficiency as a heat insulator, its initial cost and its 
durability. No material is an absolute non-conductor; some, how- 
ever, obstruct heat passage more than others. For instance, the 
heat conductivity of heavy dense substances is very high; the 
conductivity of lighter materials is less. 

Before any material can be considered a satisfactory heat in- 
sulating medium, it should be so far as possible, proof against 
moisture and steam. If not, the first time the line itself springs 
a leak or any seepage water enters, the insulation will either be 
ruined entirely or will be subject to rapid deterioration. It must 
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be able to withstand the temperatures to which it will be ex- 
posed, without affecting its physical structure. It must have 
a certain amount of structural strength and flexibility so that it 
can be applied without undue breakage and withstand vibration 
and ordinary wear and tear. It must protect the pipes against 
electrolysis; this is a very important factor in large cities. 
Moreover, whatever material is used should be easy to apply 
and easy to get at, as that reduces the cost of installation and 
maintenance. It must also be reasonable in cost, taking into 
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FIG. 1. SECTION SHOWING METHOD OF INSULATING UNDERGROUND 
STEAM FITTINGS. 

consideration not only the first cost, but the cost in the long run. 

The writers’ practice, which has met all the factors above cited 
to a reasonable degree of satisfaction, is to cover the wrought- 
iron pipe with three thickness of asbestos paper, bound on with 
copper wire and then enclose it in a round, tin-lined, wood cas- 
ing, having a shell 4 in. thick; a dead air space of about 1 in. is 
left all around the pipe, between the asbestos covering and the 
tin lining of the casing, the pipe being centered and supported 
by rollers spaced approximately 7 ft. apart. As it is necessary 
to have certain fixed and anchor points in the lines and as all 
customers’ service connections are taken off from these points, 
it becomes necessary at intervals to break into the regular run 
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of pipe casing construction and to surround the various devices 
set at such points with a different construction. The writer’s 
practice is to encase these fittings in a brick box 8 in. thick, ex- 
tending well below and above the fitting in question, planked 
over on top with two-inch planking and with at least a 4 in. con- 
crete cover over the planking to keep out any water seepage. 
The writer follows two methods of insulating these fittings: 
One is to fill the box with dry shavings, and the other is to cover 
the fitting with one-inch thick felt blocks covered with a half- 
inch layer of asbestos plastic cement and over this to apply a 
canvas jacket saturated ith hot asphalt and finished with a 
waterproof jacket of Johns-Manville asbestos roofing. The lat- 
ter method, although found to have a greater initial cost, has 


TABLE 1, EXCESS OF REPAVING OVER AMOUNT OF PAVEMENT 


REMOVED 

Kind of Pavement Percentage of Increase 
Penn MORIN, CUNO Si oo he die habla dtd we aiee ws Gcaeeenee 44 
Medina dressed stone, cement filled, 6 in. concrete base...................30 
er eer re 43 
Medina common stone, sand filled... .......cccccccsccccccccccccccc cece se 
I I rs sh aa 5 aa, Die ke. cig aly en andeeiniacne wate 52 
Brick, cement filled, 6 in. concrete base... .........cccc ccc ccccsccccccecess 39 
RE A errr er er een Pare Celene rs aan | 


proved to be the more efficient. Service nipples are left on all 
openings from these fittings, extending well outside of the box, 
so that in case of any future connection for a customer, the box 
need not be disturbed. 


DRAINAGE 


The grading of the mains is one ot the most essential features, 
and it becomes necessary many times to shift the location of 
other existing underground construction in order to provide a 
space for the steam main, so as not to create a pocket in the 
grade. When however, natural conditions or non-changeable 
obstructions, cause low points in the mains, provision must be 
made at such low points for relieving the mains of any conden- 
sation water through a steam trap into a sewer. The steam trap 
must in all cases be fitted with a by pass as this allows of re- 
moving without shutting down the main. 

Again, if the main is divided into sections by valves, as at 
street intersections, provision should be made for draining each 
section, for the reason that some part may be shut off at times. 
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Beneath the entire line, except in sandy soil or soil containing 
large quantities of gravel, there should be placed a drain tile not 
less than 4 in. in diameter which at convenient points should be 
connected into the city sewerage system. This tile should be 
surrounded by broken stone. 


PAVEMENTS 


Another principal factor, in actual street construction, that 
must meet the Engineer’s attention and be given very careful 
thought, is the tearing up of the pavements and replacing in 


TABLE 2.) PAVEMENT REMOVED FOR MEDINA DRESSED STONE, TAR 
FILLED; MEDINA COMMON STONE, TAR FILLED; MEDINA 
COMMON STONE, SAND FILLED, ‘ND BRICK, TAR FILLED 

Size of main, in. 20 18 16 12 10 S-"'s 
Width of trench for 

pipe, ft. and in... 4-5 4-3 41 3-7 3-5 3-4 3-3 
Width of pavement 

removed for 

trench,* ft.andin. 6-1 5-11 5-9 5-3 5-1 5-0 4-11 
Sq. ft. of pavement 

removed per lineal 

Rb. sted cnetvod ans 6.08 5.91 5.75 5.25 5.08 5.00 4.9) 
Opening in pave- 10-0 9-10 9-8 9-4 9-2 9-1% 811% 

ment for a Varia- x x x x x x x 

tor, ft. and in.... 5-6 5-1% 50 4-11 410% 49% 48% 
Sq. ft. of pavement 

removed for Vari- 

ERS Ere . Se 49.9 48.3 45.9 44.7 43.5 42.2 
Opening in pave- 8-7% 8-5 7-10% 7-8 7-6 7-5 7-4 

ment for Anchor x x x x x x x 
Special, ft. and in. 4-0 3-10 3-8%  3-6% 3-5% 3- 


5 3-4% 
Sq. ft. of pavement 
removed for An- 
chor Special ..... 34.5 32.2 29.2 27.1 25.9 25.4 24.7 
Opening in pave- 86% 83% 80% 7-6% 7-4% 7-2% 7-0% 
ment for a Cross, x x x x x x x 
a ee 5-6% 5-3% 5-0% 46% 4-4% 42% 40% 


Sq. ft. of pavement 
removed for Cross 47.3 43.8 40.5 34.2 32.2 30.4 28.4 


*NOTE :—20 in. is added to the width of the trench for loss in toothing the 
pavement along the edge of the excavation. 


good condition. In treating these factors the writer will classify 
according to the kind of pavement. The reason for this is that 
the amount of pavement necessary to be removed or relaid fot 
a given size of pipe line varies with the different kinds of pave- 
ments. Tar filled pavements require a greater width than cement 
filled, and sand filled pavements more than tar filled. The amount 
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of repaving in every case is found to be proportionate to the 
strength of the pavement in resisting the wear and tear along 
the edges of the openings that are made. 

in removing the pavement only such width of the pavement 
should be removed as is necessary to allow room for the con- 
struction of the trench. These estimated widths are based upon 
the experience of the underground construction Engineer as to 


TABLE 3. PAVEMENT REMOVED FOR MEDINA DRESSED STONE, CEMENT 
FILLED; BRICK, CEMENT FILLED, AND ASPHALT 


Size of main, in. 20 18 16 12 10 9 8 
Width of trench for 
pipe, ft. and in... 4-5 4-3 4-1 3-7 3-5 3-4 3-3 


Width of pavement 

removed for 

trench, ft. andin. 4-5 4-3 41 3-7 3-5 3-4 3-3 
Sq. ft. of pavement 

removed per 


lineal foot ....... 4.42 4.25 4.08 3.58 3.41 3.33 3.25 
Opening in pave- 8-4 8-2 8-0 7-8 7-6 7-5% 7-3% 
ment for a Vari- x x x x x x x 


ator, ft. and in... 5-6 5-1% 5-0 4-11 4-10% 49% 48% 
Sq. ft. of pavement 


removed for a 
| 45.8 41.9 40.0 37.7 36.5 35.7 34.3 


Opening in pave- 6-11% 6-9 6-2% 60 5-10 5-9 5-8 
ment for Anchor x x x x x x x 
Special, ft. and in. 4-0 3-10 3-8% 3-6% 3-5% 3-5 3-4% 

Sq. ft. of pavement 


removed for An- 
chor Special ..... 27.8 25.8 23.0 21.2 20.2 19.7 19.1 


1 
Opening in pave- 6-10% 67% 64% 5-10% 5-8% 5-6% 5-4% 
ment for a Cross, x x x 3 
i en 5-6% 5-3% 5-0% 4-6% 44% 42% 40% 


Sq. ft. of pavement 
removed for Cross 38.1 35.0 32.2 26.7 24.9 23.3 21.7 


the amount of room needed and the width of pavement to be 
taken up under uSual construction conditions. These figures 
will vary according to the kind of pavement in question. 

It should be the practice in construction work to mark on the 
surface of the street in advance of the trench gang, the width of 
pavement that is to be taken up and the figures given later under 
this subject will correspond to the widths which should be laid 
out for the job. 

The repaving over street openings is in general, done by the 
Municipal authorities. An exception may be made in the case 
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of streets where the paving was put down by a contractor under 
a guarantee for a definite number of years and in this case the 
repaving done by that Contractor. In either case the cost is 
paid by the Company for whom the street was opened. 

It is invariably found that the pavement is more or less dis- 
TABLE 4. SQUARE FEET OF PAVEMENT REPLACED 
l‘ok MevinA Dressep STONE, TAR FILLED. 
Size of Main, in....... 20 18 16 12 10 9 8 
Lineal ft. of trench.... 8.75 8.51 8.28 7.56 7.32 7.20 7.07 
EE hsb keen toe 79.200 71.85 69.55 66.10 64.37 62.64 60.77 
Anchor Special ....... 49.68 46.37 4205 39.02 37.30 3658 35.57 
GS  Scneac net eetaee 68.11 63.07 58.32 49.25 46.37 43.77 40.89 
For Mepina Dressep STONE, CEMENT FILLED. 
Size of Main, in....... 20 18 16 12 10 ew ae 
Lineal ft. of trench .... 5.75 5.52 5.30 4.65 4.43 4.33 4.22 
WE fe bdo 4 ohn dose 59.54 5447 520 49.01 4745 4641 44.59 
Anchor Special ....... 36.14 33.54 29.90 27.56 26.26 25.61 24.83 
EER ee pe 49.53 45.50 41.86 3471 32.37 30.29. 28.21 
For Mepina ComMON STONE, TAR IILLED. 
Size of Main, in....... 20 18 16 12 10 9 8 
Lineal ft. of trench.... 8.69 8.45 8.22 7.51 7.26 yo 7.02 
WH Sicadecscaies 78.65 71.36 69.07 65.64 63.06 62.20 60.35 
Anchor Special ....... 44.33 4604 41.75 38.75 3704 3633 35.32 | 
RN + Sasa Si ixcaand 67.64 62.63 57.91 4890 46.05 43.47 40.6/ 
lor MepiINA CoMMON STONE, SAND FILLED. 
Size of Main, in....... 20 18 16 12 10 9 8 
Lineal ft. of trench.... 9.67 9.40 9.14 8.35 8.08 7.95 7.81 
WHOS o06.cdocenecards 87.45 79.34 7680 7298 7107 69.16 67.10 
Anchor Special ....... 54.85 51.20 4643 43.29 41.18 4038 39.27 
EY ors, hance med 75.21 69.64 6439 5438 51.20 4833 45.15 
For Brick, Tar FILiep. 
Size of Main, in....... 20 18 16 12 10 9 8 
Lineal ft. of trench.... 9.24 8.98 8.74 7.98 0 7.00 7.46 
en Ie 83.60 75.85 73.42 69.77 67.94 66.12 64.14 
Anchor Special ....... 52.44 4894 4438 41.19 39.37 38.61 37.54 
SE Se eon canece sexed 71.90 66.57 61.56 51.98 4894 4631 43.17 
For Brick, CEMENT FILLEp. 
Size of Main, in....... 20 18 16 12 10 9 8 
Lineal ft. of trench.... 6.14 5.91 5.67 4.97 4.84 4.63 4.52 
re 63.66 58.24 55.60 5240 50.73 49.62 47.68 
Anchor Special ....... 38.64 35.86 31.97 29.47 28.08 27.38 26.55 
CHOGB .ccccciccsscc.. ee 465 46476 3711 3461 22m 206 
lor ASPHALT, 
Size of Main, in....... 20 18 16 12 10 9 8 
Lineal ft. of trench.... 6.01 5.78 5.55 4.87 4.64 4.53 4.42 
.  —ssi(‘“‘é“t PRR RTA? 62.29 5698 5440 51.27 49.64 48.55 46.65 
Anchor Special ....... 37.81 35.09 31.28 2883 27.47 26.79 25.97 
Cross ............... 9182 4.60 479 631 3S HAM, DSi 
~< 
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turbed along the edges of the trench as the work of constructing 
it proceeds. Some of the blocks of stone or brick are loosened or 
pushed down and a certain amount loses its solid foundation due 
to caving in of the earth along the excavation. 

It is also necessary to tooth the pavement along the edge of 
the excavation by cutting out blocks or bricks so that the repav- 
ing will be properly bonded to the old pavement. 

Another factor that increases the amount of the repaving, is 
the practice of including in the repaving any portions of the 
pavement adjacent to the excavation which are in poor condition 
or which show defects such as holes or depressions. If the 
trench is near the curb or car tracks, it is customary to repave 
all of the surface from the trench to the curb or car track. 

For all of these reasons it invariably follows that on a job 
of any magnitude the amount of repaving is considerably in ex- 
cess of the pavement which was taken up to perform the work. 
The amount of this excess varies as noted before, according to 
the kind of pavement, being greater for less firm pavements. This 
has been carefully estimated by the writer from experience and 
is expressed as a percentage, for each kind of pavement in 
Table 1. 

The succeeding tables (Tables 2 to 4), showing the amounts of 
paving removed and replaced for the various sizes of mains and 
various kinds of pavements, follow the actual method that was 
used by the writer in doing the work on the street. 

The amount of pavement replaced is found by adding the nec- 
essary percentages as shown in Table 1 to the amount of pave- 
ment removed and is shown in Table 4. 

The methed used in estimating the paving removed and relaid 
for manholes is the same as that which has been described for 
the steam main. However, there is no standard size opehing that 
will fill all cases as the size of a manhole will depend upon local 
conditions. The writer has arrived at an average manhole 
opening in the street by averaging the sizes of 98 various man- 
holes installed, as follows: 6.93 ft. x 5.54 ft., equivalent to an area 
of 38.39 sq. ft. The repaving is estimated from the above added 
percentages with a deduction, however, corresponding to the 
size of the cast iron cover which is approximately 4.2 sq. ft. 

A concrete mat 6 in. thick is found under all such pavements 
as asphalt, cement-filled dressed Medina stone and about 50 per 
cent. of cement filled brick. The amount of concrete mat re- 
moved and replaced is estimated as having a width equal to the 
width of trench for pipe. 
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The amount of trench to be opened up at any one time is 
variable depending upon local conditions and city permit regula- 
tions but can be considered between 100 to 300 ft., assuming 
one half of the length sheeted ready for the pipe line. In 
trenches five feet or more in depth use not less than two check- 
ings (6x8 in.) per side and sometimes more, depending upon the 
depth and local conditions. Sheeting can be of steel or hemlock 
planking and spaced according to depth and local conditions, 
loose sandy earth requiring closer sheeting than heavier soil. 
All ditch sheeting should be thoroughly braced to prevent cave 
in, or accident to the workmen or the progress of the work. 


DATA 


Having reviewed quite extensively the problems involved in 
the design of a steam distributing system, the writer will now de- 
vote the remainder of this paper to some data and costs of 
actual construction work as experienced under his supervision. 
In arriving at all costs shown herewith, the writer has used the 
average method, that is, has used an average job of all jobs in- 
stalled of the various sizes. These costs have been found to 
be very conservative for estimating new jobs of any given length 
under similar conditions. It might be of interest to the reader 
to know the extent of the mains installed under the writer’s serv- 
ice and from which the data shown herewith has been derived: 


Be I ois as Se eer 8,500 ft. 
Oe Oe, NG ss cccnaw ce eitecceeeein tet cen eee 700 ft. 
et SER as aicc.ndaslacas aeee a enee aaeeae 11,000 ft. 
ee eee eee 
SP a, IR: 4°s:« ca sin ene caleba eeonces tidiacen 1,300 “ft. 
PEG Is occ: 5. piss wal kc ajendl Spaces Caw aoe aaa 5,400 ft. 
A oa sveickininrs dia Ra ch eased ae 1,000 ft. 


The sub-surface soil in the territory of this steam distributing 
system was over 90 per cent. sand of an average firmness. 


TRENCHING 


In arriving at an estimate for the cost of this work, the best 
that can be done is judgment and long experience on the part of 
the Engineer. However, the writer will present a typical prob- 
lem as a method of procedure, as well as a table compiled by 
the same method giving the costs per lineal foot of trenching 
for the various sizes of mains, and which has been found to be 
remarkably accurate for estimate work. 
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FORM FOR ESTIMATE 


Assuming a job of ... ft. length, size of main .. in., required average 
depth of trench .. ft. 


LABOR 

PNR ehh 2a ts ok haa ie re La eklab aac ten $4.50 per day. 
ery Pine ee eee pre Er ron >. ills 
cE tars aan Caudd wucge xd ainda eaats oa ae — 
a. ea SE Read Sho AEE Sehr Pate He eo by os Gee ~~ :™ 
ee OP Ig 6 ahi as cade s dea be Hidawiewens na * * 
I CI ig a a 0h 8 kes sw Sew hdd Dane endadec ma * 
er NO Fv bin o's devimaednc emesis — 
2 Night Watchmen @ $2.50. .........6.c.ccccccccccess —_—- * 

$150.00 : 

Total labor for .. days to do a job of this size ...... 


Labor Cost per foot of trench ... 


The amount of excavated material to be removed from a job is determined 
by the displacement of the main, that is, the cubic yards occupied by casing, 
fitting boxes and manholes. 

Excess excavated material to be hauled an average distance of .. miles; 
this allows about .. loads per day for each wagon. 

Assuming excess excavated material to be approximately ... cubic yards 
this will require: 

.. Teams .. days @ $6.00 per day 
For hauling sheeting, pipe, fittings, etc. 
.. Truck .. days @ $6.00 per day 


or a cartage cost per foot of trench 


INCIDENTAL MATERIAL. 


. pes. of 2 x 12 in. x 12 ft. hemlock @ $29.00 
Less salvage of 20 per cent 


pane i I Aik IIE. Fis ses eRe cr sce clecadsinncnsdibenndies 
I I I TN i i ase hres vce aneenend dda knnteesawhesis 
. «ff SS Seer err rrr 
. days’ expense miscellaneous @ $0.50 


Incidental material cost per lineal foot of trench of 


INSPECTION. 


ats netne: 1: teen - Gel. cs peice sites desseinlinesdeed 
Inspection cost per lineal foot of trench ... 


In a similar manner the following table (Table 5) has been 
compiled from actual jobs installed. 
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TABLE 5. COST PER LINEAL FOOT OF TRENCH 


Size Labor Cartage Incidental Material Inspectior 
20 in. $4.26 $0.40 $0.43 $0.15 
18 in. 4.11 39 A3 14 
16 in, 3.54 31 43 12 
12 in. 2.85 24 35 10 
10 in. 2.41 pr | Jd 10 
9 in. 2.29 .20 32 10 


In estimating the material to be used for enclosing fittings, 
the writer has compiled the Table 6 from actual dimensions of 
fittings with proper clearances. 


TABLE 6. MATERIAL REQUIRED FOR ENCLOSING FITTINGS 


V ARIATORS 
ee ee ee 20 18 16 12 10 9 
PN HE once ccbss dens see 1370 §=1295 1210 1050 975 955 
Cubic yd of concrete for cover. 0.5 0.4 0.4 0.4 04 03 
Board ft. of 2x6 in. plank...... 70 68 64 60 58 56 
ee a ee 11.5 10.5 16.0 9.0 8.5 8.0 
MN Ge OIE io bis ics sincsoass 0.5 0.5 0.5 0.5 0.5 0.25 
Bales of shavings.............. be 4% 4 3 2% 2% 
ANCHOR SPECIALS 
Geet of Me, Wh. hic ici ccl 20 18 16 12 10 9 
Pe iG a ckaccteiiesie: 910 795 675 555 470 445 
Cubic yd. of concrete for cover. 0.3 0.3 0.2 0.2 0.2 0.2 
Board ft. of 2x6 in. plank....... 42 mu) 34 32 30 28 
Peer re 7.5 6.5 5.5 4.5 40 40 
Se ee ree 0.25 0.25 0.25 0.25 0.25 0.25 
Bales of shavings ............. 4% 4 3% 2% 2 2 
Cross or TEES 
ee ee ee 20 18 16 12 10 9 
We EE esac) <cdesseen 1005 883 815 625 540 500 
Cubic yd. of concrete for cover. 0.4 0.4 0.3 0.3 0.3 0.2 
Board ft. of 2x6 in. plank...... 66 60 56 46 42 39 
Sames of camel... ..... 06ssccaxs 8.5 7.5 6.5 5.5 5.0 40 
ot rere 0.50 0.50 0.25 0.25 25 0.25 
Bales of shavings...........0.. 3 3 2% Z 2 2 
ANGLES JOINTS 
re 20 18 16 12 10 9 
UI 5g ont arnicinine one 745 620 580 435 365 320 
Cubic yd. concrete for cover.... 0.3 0.2 0.2 0.2 Q2 Gi 
Board ft. of 2x6 in. plank...... 40 34 34 28 24 22 
ee ee 6.0 5.0 5.0 4.0 3 8625 
OE NONE isis ind ees cas 0.25 0.25 0.25 0.25 0.25 0.125 
Bales of shavings .............. 3 3 2% 2 2 2 


In the above tables the following proportions were used for 
laying 1,000 brick (1:4 mixture): 7 sacks cement and 1 cu. yd. 
sand per 1,000 brick; for laying one cubic yard of concrete (1: 
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4:6 mixture): 3.8 sacks cement per cu. yd.; 0.56 cu. yds. sand 
per cu. yd., and 1.05 tons stone per cu. yd. It might be noted 
that all sand was available on the job, so it is not included in the 
costs. 

The estimating of the cost of material for a manhole is a vari- 
able factor as the manhole is dependent upon the local condi- 
tions. The writer has investigated the cost of some eighty dii- 
ferent manholes that have come under his construction and has 
arrived at an average cost of $110.00 per manhole. This cost 
includes the brickwork for the sides, concrete for the bottom 
and top, old iron tee rails for supports in roof, sewer connec- 
tions and permits, sewer grates, manhole frame and cover, super- 
vision and incidentals. 


PAVING 


In arriving at and compiling the following table on the costs 
of removing the various kinds of pavement per sq. ft., the writer 
used results from over 90 per cent. of the jobs done. During 
the progress of the job six laborers at $2.25 a day and a fore- 
man at $2.75 a day were detailed to remove pavement in ad- 
vance of the ditch gang. In the case of a large job and espe- 
cially at the start of a job additional laborers are put on, these 
laborers’ time being accounted to the charge of removing pav- 
ing and the following costs are remarkably accurate for this class 
of work. Cement filled pavings were found to cost considerable 
more than other types of paving due to the cementing together 
of the blocks as well as the concrete mat beneath. 


n 


TABLE /¢. LABOR COSTS OF REMOVING VARIOUS KINDS OF PAVING IN 
CENTS PER SQUARE FOOT 


Dressed Medina stone, tar filled...................00005: 1.3 
Dressed Medina stone, cement filled.....................5.6 
Dressed Medina stone, sand filled....................06- 0.8 
GD fo5505 hapa dtasnacdenseniepeednecan eben aan 1.1 
EI SPOOLS POET T TCT TET 5.3 
a ee Ae rene ery oer eer rey 4.75 
i I I iis is. de cd cnceniwdecbackoindawehy 1,7 


As all of the paving relaid was done by municipal authorities, 
or by contractors on guaranteed jobs and the actual cost billed 
the company, the writer took the average of the billed costs for 
the various kinds of pavement in compiling the table on costs 
per square foot for relaying pavement. It might be mentioned 
further that the company’s inspector was on the jobs to check 
up the repaving done and his time was charged in the costs, 
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TABLE 8. LABOR AND MATERIAL COST OF REPAVING VARIOUS KINDS 
OF PAVEMENTS IN CENTS PER SQUARE FOOT (USING ALL OLD 
PAVEMENT AS FAR AS POSSIBLE ) 


Dressed Medina stone, tar filled ..................... 14.05 
Dressed Medina stone, cement filled ........... os 0 ee 
Common Medina stone, tar filled...................... 9.08 

es I oc cing, orton ators saw auie-c cad Sake Gee 18.01 
ML, NE III 6 6.5.0 ca hacsetne ve cckakrcbbcuasoe aan 27.96 
PU once da reise ee IWR AUP a Chad Leas Ree en 23.37 
CO I ooo. os 6 As CR 55 555 12.00 
Common Medina stone, sand filled................00005 6.56 


As mentioned before, under certain kinds of pavements was 
found a concrete mat 6 in. thick. It was customary for the com- 
pany to replace this concrete with its own labor and for the 
municipal authorities to relay the pavement on top of the mat. 
The cost of the concrete has not been included in the above 
repaving unit price, so a separate price must be applied to all 
repaving where this mat is found. This concrete mat was made 
of 1:3:5 mixture and of the following estimated quantities of 
material per square foot of mat: 


RI. 5c dete agtaurk dou keetanatsaeekion «os ANGZ) bbl 
ME sesvcincdcch sect natsnebeeddassaeseucuseun 0.0096 cu. yd. 
PR re ee ir Re 5 Ole ee ee So hy Re ee 0.0198 tons 


The cost of material per square foot of mat as delivered on 
the street at point of use was: 


eR TI I Rab a dn ake Ss eclek ca weiteca ad $0.0347 
ee re Be I iia 55s Ce i MR So Reka dned de 00eS 0.0096 
ee Ek Re ree er neh pr arre: 0.0317 

S| SOS en es ee EPR A ree oh: erat $0.0760 


The cost of labor for placing the concrete mat, mixing with 
a steam concrete mixer and distributing in buggies, placing and 
tamping by hand, was estimated on an average output of 20 cu. 
yd. per day equal to 1,080 sq. ft. of mat in place, with the follow- 


ing gang: 


ee | eT aes ee een $2.75 per di vy 
DN I oak. i dcianks «s<Kokatas ab nisl diesia aa 
fC SS Re ee ee eer, 
ere ff. ran 1 Seared S am * 
ONG isda sods dc ottanckab ewan seen $39.50 


or a labor cost per square foot of mat of $0.036. A certain amount 
of incidental material such as coke for mixer, cylinder oil, lubri- 


PEEP ERTEEpensmermeagD 
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cating oils, kerosene, waste and water was charged to the lay- 
ing of concrete mat and was found to be an average expense of 
$1.50 a day or an incidental charge per square foot of mat of 
$0.0014. 

There was no charge for cartage on the cement and stone as 
those were delivered free at the price quoted. However, it was 
necessary to allow for the cost of bringing the concrete mixer, 
buggies. and other tools to the job, moving the same from place 
to place and finally returning same to yard. It was found that 
this approximated very closely to a team and driver’s time for 
a half day every day that the gang was working, namely, $3.00 
a day, or a charge per square foot of mat of $0.0028. It was 
also necessary to have a city inspector for every day working 
and his charge accounted likewise, namely, $5.17, or a charge 
per square foot of mat of $0.0048. 

Summing these charges up gives us the cost of concrete mat 
laid per square foot, and which must be added to the repaving 
unit price where found: 


| err erereT yr er 2 fe 
SII)” rake rei aise wag & cha ace eewaoeeae 0.0360 “ ie 
I er en ee ey ee —- * * 4 
ere are eT — - | US 
RE Ee re es —e * * * 
eee eee re en $0.1210 


In conclusion the writer would like to draw a comparison with 
some costs that Prof. Verner compiled in his paper in the January, 
1916, issue of the Journal, entitled: Cost of Removing and Re- 
placing Pavements* as shown in Table 9. 


TABLE 9. COMPARISON OF COSTS FOR REMOVING PAVEMENTS 


Pror. VERNER AUTHOR 
\sphalt on concrete ........ 0.0467 + Asphalt on concrete......... 0.0475 
Brick on concrete........... 0.0452 «Brick, cement filled.......... 0.053 
Cobblestone on sand......... 0.0145 Medina Stone, tar filled..... 0.013 
Granite block on concrete.... 0.0512 Medina Stone, cement filled. 0.056 
Cedar block on concrete...... 0.0338 Medina Stone, sand filled... 0.008 
Cedar block on sand........ 0.0156 a gee 0.011 
Creosoted block on concrete. 0.0359 Cement walk ............... 0.017 


It will be noted that the first four kinds in both estimates run 
about the same, as these are similar types of paving. 


*See page 121 of this Volume. 
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TABLE 10. COMPARISON OF COSTS OF RELAYING PAVING IN CENTS PER 
SQUARE FOOT 


Pror. VERNER AUTHOR 
Asphalt on concrete......... 0.324 eR ore rr terror 0.347 
Brick on concrete........... 0.289 Brick, cement filled.......... 0.393 
Granite Block on concrete... 0.323 Medina Stone, cement filled.. 0.470 
Cobblestone on sand......... 0.084 Medina Stone, tar filled...... 0.091 
Cedar block on concrete...... 0.287 Dressed Med. Stone, tar filled. 0.141 
Cedar block on sand......... 0.129 Beside, (60 HIG ..6 i.) ei. fsceess 0.180 


Creosoted block on concrete. 0.323 Common Med. Stone, sand filled 0,066 


DISCUSSION 


R. J. Mayer: I would like to ask what provision is made in this 
trench work for foundations to carry the load of the piping.and the 
entire construction. 


H. M. Harr: With reference to the notes on the cost of laying 
pipe, I would like to know at what rates the labor was employed to 
arrive at these quantities, because that is a variable quantity. 


R. J. Mayer: What is the life of the wood casing that the 
writer specifies in his paper? 


W. F. Verner: This paper is of special interest to me on ac- 
count of the comparison between these figures and those given in 
the paper submitted by me in the January, 1916, issue of the 
Journal.* The question comes up in my mind as to just how much 
overhead is included in these figures. As far as I can learn from 
the paper, the cost of repaving includes the city’s overhead ; that is, 
the city does the repaving and naturally they would bill the company 
an amount to cover the cost and their overhead. 

I note also that the city inspection charge is included. If that 
is deducted it would make the figures more comparable to mine, 
as my figures included no city inspections. 

The question comes up as to how to use these figures in finding 
the cost per foot of trench. I would like to ask Mr. Valentine 
whether it was the policy of the company to open up the entire 
trench; I mean, if he were running a block, to open up the entire 
block, or merely take up so many feet and leave a space which was 
not cut. 


Tue Avutuor: In answer to Mr. Mayer’s inquiry regarding 
the provision for foundation, will say that this all depends on the 
size of the pipe. If it is a very large pipe, say from 16 to 20 in. 


"See page 121 of this Volume. 
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inclusive, I followed the practice of putting 4 x 6 in. sleepers spaced 
from 10 to 15 ft. apart under the casing ; that is, after the grade was 
established we would lay these sleepers level with the grade and 
tamp them down solid, and then come along and lay the wood 
casing on top of same. This gave a very steady foundation for the 
pipe, and caused the load to be equally distributed between the 
anchor points. 

The labor price for laying pipe was based on union scale in Cleve- 
land. That is, union fitters were the only labor we could get. I 
have not been in this work for over a year now, but we had to 
pay as I remember, the steam fitter $5.60 a day for nine hours, and 
the helper, $2.80. Those were the union scales at that time. 

In regard to the life of the wood casing, that is entirely dependent 
upon local soil conditions. I have taken up wood casings that had 
been installed for ten years and found them to be in practically 
the same condition as when installed. In other cases, where there 
was moisture or quicksand, I have found the casing badly deterior- 
ated, due to heat in the pipe together with the water, which had 
charred it, so that its life was absolutely destroyed, and it had hardly 
been in three years. This goes to show that the life of the wood 
casing is all-dependent on local soil conditions. 

In regard to the life of the pipe, I have taken up mains that had 
only been installed three years, where electrolysis had come in 
contact with it, and its usefulness was entirely gone. In large 
cities you have everything imaginable to contend with. 

In regard to the opening up of the street, or the limiting of the 
opening up of the street, the city regulations in Cleveland would 
not permit us to open up more than 300 ft. at one time. In that 
way we were obliged to open up about 150 ft., put on a large 
gang and quickly move the earth so that the steam fitters could 
start placing the pipe, and these were followed by a filling-in gang, 
who filled and tamped the trench so that in very short time we were 
ready to open up 300 ft. more. It had to be a continuous move- 
ment from the time it was started to the time it was finished. 

In reply to the question asked in regard to overhead charges, 
these were taken into account,—I have not entered them here in 
this paper, but as near as I can remember we added to the average 
labor cost of this work 0.3 per cent. for accounting, 2.9 per cent. 
for construction superintendence and 3.3 per cent. for tools. Of 
course, there were some other overhead charges—what those were 
I cannot remember, but they are included in these estimates. 
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HEATING A CONSERVATORY AND GREEN- 
HOUSE 


By J. D. Horrman, Lincoin, Nesr. 


Member 


N the spring of 1911 the author was asked to lay out the heat- 
I ing system for a conservatory and greenhouse building, then 
in the process of erection. As the conditions that had to be met 
were somewhat unusual and since it has now had five seasons of suc- 
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FIG. 1. CONDUIT CONNECTIONS TO NEW CONSERVATORY, | 


cessful service, a description of the heating system may be of inter- 
est to the members of the Society. 

Fig. 1 shows the location of the new conservatory relative to 
the old one, which had been fitted up in 1909, and from which 
building all the plant development in the new building was to 
be directed. Because of the close connection between the work 
lense sei Sobion Baste gt Sip femme Sovare on Sterns’ oon 
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carried on in the two buildings and to simplify operating con- 
ditions, the new heating plant was connected with the heating 
plant of the old conservatory. The latter was housed in a one 
and one-half-story wing on the south side of a three-story build- 
ing devoted to agricultural experiment work. The heating sys- 
tem in this plant was hot water, open tank type, with the radia- 
tors and coils all-connected on the downward-flow principle, i.e., 
all the hot water from the heater was directed first to the high- 
est point of the circulating system and then subdivided to the 
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FIG. 3. REVISED HEATER LAYOUT IN OLD CONSERVATORY, 


various coils and radiators on the return flow. The old conserva- 
tory rooms were badly cut up and the heating connections were 
rather complicated, but this system was then giving satisfaction, 
and no changes were contemplated in that part. 

The problem was to connect the new heating system of 5,000 
sq. ft., by conduit to the old heating system having 1,200 sq. ft. 
of radiation, increase the heater plant from 1,850 to 8,000 sq. ft. 
rated capacity, reconstruct the system of mains at the heaters 














568 Heatinc A ConsERVATORY AND GREENHOUSE 


and serve both systems from the same plant without interfering 
with the operation of the old plant. 

The new conservatory consisted of a two-story brick front 
building with two 25 x 100 ft. greenhouse extensions. The second 
floor radiation in the conservatory was to be planned but not 
installed with the heating system; consequently the new system 
would operate for the present on the expansion tank in the old 
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FIG. 4. PLAN OF CONSERVATORY BASEMENT. 
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FIG. 5. PLAN OF SECOND FLOOR OF CONSERVATORY. 


system. At a later date, if the second floor heating were in- 
stalled, this tank would necessarily be raised to a higher posi- 
tion or moved to the new plant since the new elevation would 
be above that of the present tank. 

The feature that caused the greatest concern in the union of 
the two systems was the fact that the circulating water had to 
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be carried by conduit a distance of 100 ft. with a rise of less 
than 6 in. and then extended beyond this point a distance of 100 
ft. through mains and coils, as shown in Fig. 2, with a rise of 
not to exceed 3 ft. The heaters had to be set in the present pit. 


- This was sufficiently low to give a fair depth of conduit but per- 


mitted very little pitch to the mains. The heating plant was 
installed according to the plans without change. When com- 
pleted every coil and radiator in each of the two systems did its 
work satisfactorily from the first firing and has been equal to the 
most extreme weather conditions experienced. 

The calculations for the various rooms for an inside tempera- 
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FIG. 6. DETAILS OF COILS AND CONNECTIONS IN GREENHOUSE. 


ture of 70 deg., an outside temperature of —-10 deg. and an average 
water temperature at the coils of 165 deg. gave as follows: 


Heat loss Radiation 


Room B.t.u. Approx., sq. ft. Coils 
a ee ree 23800 140 280 lin. ft. 14% in. pipe 
OE I isc os Pa saiea Ve 8500 50 100 lin. ft. 1% in. pipe 
MES bts ctides davievace 12750 75 150 lin. ft. 1% in. pipe 
North greenhouse (each) .149600 et \ 5000 lin. ft. 2 in. pipe 
South greenhouse (each) . 168300 1980 | ) 375 lin. ft. 3% in. pipe 

175 lin. ft. 4 in. pipe 
Store room (later)....... 66300 390 
Basement (later) ........ 150 
PNY eniicamdstticelt sine tare 4545 sq. ft. 
Mains and branches...... 500 


5045 sq. ft. 
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Two type W-25-8 Ideal boilers, of 3,050 sq. ft. capacity each, 
were installed for the new plant. This was 20 per cent. above 
requirements and served as a safety factor. Provision was also 
made to enlarge the old boiler by three sections and make the 
three heating units equal. The two new units were connected 
to the old one, as shown in Fig. 3, in such a way that any 
heater could be used on either or both systems, as desired. The 
66-gal. expansion tank was replaced by a 100-gal. tank. The 
system of mains was arranged to have a uniform rise from the 
heaters to the ends of the cross trench at the entrance of the 
greenhouses. From these two branch mains, risers and leads 
were taken off to the various coils. 

The highest point in the greenhouse system is on the line H, 
Fig. 2, at the center of the greenhouses. The coils are fed along 
this line and the flow through the coils is toward the ends of 
the greenhouses. The coils farthest from the conservacory 
building. being at a disadvantage, were given a slight advantage 
in heating surface. All coils were built up with manifold ends 
and éach section was valved with a straightaway valve, so that 
it could be cut out for repairs. Radiation was planned for in 
the second floor and the basement, Figs. 4 and 5, but was not 
put in at that time. Fig, 6 shows the details of the coils and 
connections to the mains. 


DISCUSSION 


J. J. Brackmore: I would suggest that Professor Hoffman 
gather and tabulate the costs of the operation of this plant. This 
paper was solicited from Prof. Hoffman, largely with the idea of 
getting a line on the cost of operation for greenhouses. Prof. 
Hoffman seems to have overlooked that part of the request. I 
think it would make a very good addendum to the discussion if he 
could give us that data. 


E. A. May: There is one question in connection with the paper 
that seems to me worthy of thought, and that is the statement with 
reference to the boiler rated capacity, or the rated capacity of the 
boilers used. It has been the custom in speaking of the ratings of 
boilers to speak of the manufacturer’s rating. Now, undoubtedly 
in Nebraska they are using soft coal with those boilers, and the 
manufacturer has no rated capacity for soft coil; there is no 
published rated capacity for soft coal. Therefore, in connection 
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with the paper, the kind of coal that is being used ought to be stated 
so that those who are reading can make their relative comparisons ‘as 
to the boiler capacity which is actually being used. 


H. M. Hart: That is a good point. In rating boilers, anybody 
knows that we have to take into consideration the kind of fuel that 
we are going to use. 


E. A. May: It is misleading in this respect, that Prof. Hoffman 
speaks of 20 per cent. reserve, while, as a matter of fact, with the 
kind of coal he is using, and based on the conditions of the load, 
he may be running the boilers at their full rated capacity with that 
kind of fuel. 


Frank K. Cuew: Would it be the idea in this instance with 
the kind of coal which you have in mind, that these boilers could 
carry at their rated capacity with hard coal, or would the kind of 
coal being used there make it impossible for them to come up to 
their full rating? 

E. A. May: Evidently they are doing the work satisfactorily, 
but the point I made was that Prof. Hoffman says that the boiler 
capacity is 20 per cent. in excess of the load. Conditions may be 
such that to establish that load, the boilers would be run at such a 
rate of combustion with soft coal that at a rating for soft coal it 
would be 100 per cent., and there would be no surplus capacity. 


FRANK K. Cuew: The question is to find out whether when a 
boiler has a hard coal rating, and it can use soft coal to advantage, 
it will develop a higher capacity, or fall off some. Of course, that 
is another question entirely from this. 


E. A. May: If ever I establish a condition whereby I can burn 
20 Ib. of hard coal, and my conditions are such that with the heat 
value of the soft coal, I would be compelled to burn 30 Ib. of soft 
coal, my conditions of chimney installation might not be, such as to 
enable me to burn 30 lb. of soft coal: and therefore the rating of 
the boiler itself must be dependent on its chimney connection and 
the conditions of installation. 


J. J. Buackmore: Mr. May’s point is well taken, but it might 
be made a little clearer. It should be noted that in anthracite coal 
we frequently get values as high as 15,000 B.t.u. per pound, whereas 
in a great deal of soft coal it falls as low or lower than 9,000. It is 
also possible that there is not much difference between a good 
grade of soft coal, and an ordinary grade of hard coal, or anthra- 
cite. 
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THe AutHor (written): The heating plant here described is 
located in the United States Experiment Station, Purdue University. 
The plans were made just before, and the installation was made just 
after I left to take up work in my present position at the University 
of Nebraska. 

At the time the Secretary invited me to prepare this paper, a 
thorough test of the plant had been planned by Prof. Veal of 
Purdue University and the test data were to be used in the paper. 
For reasons not known to me the test was not made, and to fulfill 
my promise, the paper was presented in part, in the hope that the 
test data would be available later. 

Concerning the boiler rating, selection was made on the basis of 
a good grade of bituminous coal averaging 13,000 B.t.u. per pound. 
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EFFECT OF THE A. S. M. E. BOILER CODE ON 
HEATING BOILERS 


By C. W. Opert, New York 
Member 


HAT the Code recently formulated by the Boiler Code Com- 
mittee of The American Society of Mechanical Engineers 
cannot fail to have a beneficial effect upon the heating boiler 

industry in general wherever it is introduced, is the writer’s 
firm conviction and confident prediction. The advantages which 
it offers to both manufacturers, users and to the public in gen- 
eral have not begun to be appreciated. It has not as yet been 
operative as a construction code in the five states and three 
cities in which it has been established, for a sufficient length of 
time to conclusively demonstrate what may be accomplished, yet 
there are growing indications that the obstacles which at first 
threatened its success, have not taken form. 

There was, particularly in the early stages of the Boiler 
Code Committee’s work, some apprehension as to the actual pur- 
pose of the Code and as to possible injurious results to the 
status of low-pressure heating boiler service in general. The 
Committee was, in fact, at one time, confronted with an oppo- 
sition from the heating industry that promised to become serious. 
But the fact that the work was finally completed in a form both 
commendable from a technical standpoint and satisfactory from a 
practical standpoint to the trade in general, is highly creditable 
to the representatives of the heating boiler industry who worked 
with the Boiler Code Committee in the formulation of the Code. 

The movement instituted by the Boiler Code Committee, which 
was based on “safety first” considerations and humanitarian mo- 
tives, was necessary to meet the demands of the times, and it 
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was proposed as an effort worthy of the attention of the great 
national body of mechanical engineers which alone could furnish 
the unquestionable talent required to properly establish such a 
standard. It is one movement that has been signalized by its 
purpose to incorporate the highest engineering standards and 
safety ideals entirely regardless of commercial considerations. 
Yet withal the work has differed from the custom of many of 
the reform movements in that there has been a noticeable ab- 
sence of destructive effects to established industries or interests; 
the effort of the Committee has throughout-been to work along 
constructive lines, holding fixedly throughout to the original 
purpose of maximum protection to life and property. 

Completion of the work of formulating the Code was accom- 
plished largely by cooperation with all interested organizations 
which served most effectually to break down the barriers of 
opposition from all directions. After the preliminary reports of 
the Boiler Code Committee were prepared and submitted to 
engineers of all classes and in all lines, the cooperation of all 
technical schools, insurance companies, inspectors, and manufac- 
turing companies interested was invited, and, still later, the further 
cooperation of all engineering organizations, following which 
numerous hearings and conferences were held in order to de- 
termine if there might be just cause for any opposition to the 
Boiler Code movement. Probably no feature of the work of the 
Boiler Code Committee contributed more toward the final suc- 
cess of the Code than this effort toward cooperation and the sub- 
sequent adjustment of such details of the rules of the Code as 
might prove injurious to any of the allied interests. 

There were, at the time the formulation of the Boiler Code 
was commenced, 10 states and 19 municipalities that had in force 
laws for the compulsory inspection of steam boilers; these laws 
all differed from one another materially and there was a woeful 
lack of uniformity. It was foreseen that if some attempt were 
not made to unify practice throughout the country, the extension 
of. still more new laws in other localities might result which 
would add to the standards that were at variance with each 
other and add further to the hardship that was being imposed 
upon boiler builders and users. Hence the proposal of a Code 
that might be*suitable for recommendation to states, municipali- 
ties, boiler inspection companies, ‘and to the engineering profes- 
sion at large as a model for boiler construction. 

There was need for the Code from the standpoint of safety 
also. Disastrous boiler explosions have occurred ‘in all classes 





Errect or THE A. S. M. E. Borer Cope 575 


of boilers and the importance of the prevention of such accidents 
cannot be too highly emphasized. Such disasters can only be 
avoided by constructing boilers and their appurtenances in as 
nearly perfect a manner as possible. 

The development of the A. S. M. E. Code involved the most 
careful and painstaking work. Following the preparation of the 
first preliminary draft of rules and specifications, the Committee 
re-wrote the entire Code into the form of preliminary report 
which was sent out in March 1914, with an accompanying letter 
inviting criticisms from all the recipients, approximately 1800. 
This report was issued particularly to engineers known to have 
special knowledge of the manufacture and operation of steam 
boilers and other pressure vessels. At the Spring Meeting of 
the Am. Soc. M. E. in St. Paul, June 16-19, 1914, whére the first 
discussion in open meeting was conducted by the Committee, it 
was decided to hold a public hearing in September, for all in- 
terests affected. This hearing, which was held in the Engineer- 
ing Societies Building in New York, September 14-16, 1914, was 
one of the largest and most representative gatherings ever held 
in the Building. At that meeting there were representatives from 
many of the greatest industrial and professional interests of the 
United States, including the steel manufacturers, the railroads, 
the water tube boiler manufacturers, the tubular boiler makers, 
heating boiler manufacturers, the agricultural boiler makers, and 
the heating and ventilating engineers. The hearing developed 
into one of the most important movements ever undertaken for 
the protection of human life and property. 

At the end of this hearing the steel makers and the representa- 
tives of the National Association of Tubular Boiler Manufac- 
turers agreed with the Boiler Code Committee upon the grades 
of boiler material to be used. A week or so later, as their con- 
tribution, the tube manufacturers submitted a uniform specifica- 
tion for boiler tubes. Then practically all of the safety valve 
manufacturers similarly agreed upon a uniform specification for 
safety valves, this being the first time in their history that they 
had come together in consultation as to what would be the best 
for public safety. While these great bodies of qualified and in- 
terested men were agreeing on standards, the railroad interests of 
the country were hard at work preparing a most helpful criticism 
of this preliminary report, which helped more towards the bring- 
ing of these standards to actual completion than any other which 
had come before the Committee. 

The heating boiler interests were represented by the appoint- 
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ment of a representative on the Advisory Committee. Two other 
representatives were appointed to represent particular types of 
heating boilers. The Advisory Committee, which consisted of 
eighteen members in all, was called in to assist the original Com- 
mittee in the completion of the work, and the work of the Ad- 
visory Committee proved of great assistance in establishing the 
Rules. The relation of heating practice in general and the re- 
quirements for power boilers was given most careful considera- 
tion, and in view of the special requirements for heating boilers 
a section was prepared under the heading, “Boilers Used Ex- 
clusively for Low Pressure Steam and Hot Water Supply.” 


The original Committee was as follows: 


Joun A. Stevens, Chairman Cuas. L, Huston 
Wm. H. Boru Epwarp F, MILter 
Rotta C. CARPENTER H. C. Meinnot1.tz* 
RicHARD HAMMOND E. D. MErtEr* 

* Deceased. 


The Advisory Committee was as follows: 

F. H. Crark, Railroad Sub-Committee, The American Society of Mechanical 
Engineers. 

F. W. Dean, Consulting Engineers. 

Tuos, E. Duran, Boiler Manufacturers’ Association, Uniform Specifica- 
tions Committee, for all types of boilers. 

Cart Ferrari, National Tubular Boiler Manufacturers’ Association. 

Expert C. FisHer, Scotch marine and other types of boilers. 

ArTHUR M. Greene, Jr., Engineering Education, 

Cuas. E. Gorton, Steel heating boilers. 

A. L. Humpurey, Railroad Sub-Committee, The American Society of 
Mechanical Engineers. 

D. S. Jacorus, Water-tube boilers. 

S. F. Jeter, Boiler insurance. 

Wm. F. Kueser, Jr., Railroad Sub-Committee, The American Society of 
Mechanical Engineers. 

W. F. MacGrecor, National Association of Thresher Manufacturers, 

M. F. Moore, Steel heating boilers. 

I. E. Mouttrop, Boiler users. 

Ricuarp D. Reep, National Boiler & Radiator Manufacturers’ Association. 

H. G. Scort, Boiler users. 

H. H. Vaucuan, Railroad Sub-Committee, The American Society of 
Mechanical Engineers. 

C. W. Onert, Secretary to the Committee. 


The original Committee and the Advisory Committee were later 
constituted as the Boiler Code Committee which now consists of 
all the above names with the exception of those deceased. 

A separate section for the rules covering the heating class was 
established and the rules were so adjusted as to establish a line 
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of demarcation between the power and heating class of boilers. 
This arrangement gave ample opportunity for adequate treat- 
ment of the special conditions embraced in heating boiler con- 
struction and installation and gives thus the opportunity for pre- 
venting confusion between the two classes. It gives the oppor- 
tunity for definitely stating the conditions under which the rules 
for power boilers shall apply and, conversely, the conditions un- 
der which the rules for heating boilers shall apply. In this 
section, the requirements for maximum allowable working pres- 
sures and factor of safety are clearly stated, and all other im- 
portant details of construction and installation, such as boiler 
joints, wash-out holes, boiler openings, safety valves, steam and 
water gages, fittings and appliances, methods of setting, hydro- 
static tests, and stamping, are therein very clearly. defined in con- 
tradistinction to the corresponding requirements for power 


boilers. 

This arrangement of the rules which was largely the result of 
the suggestions offered by the representatives of the heating 
boiler interests, will, it is thought, prove effective in preventing, 
in localities where the Code becomes operative, such disad- 
vantages and hardships as have been found under the original 


Massachusetts Code and elsewhere. This separation of the two 
classes will in itself clearly establish before those in charge of the 
enforcement of these rules, such a distinction, that none of the 
more rigorous requirements for power boilers may be brought to 
bear upon the heating boiler class with their possible hardships. 

In answer to the occasionally expressed opinion that the Boiler 
Code as it applies to low-pressure boilers will work a hardship 
on the manufacturers of heating boilers, it can only be stated that 
the desire of the Committee was to make it necessary that nothing 
but safe boilers should be built in the future and all others elimi- 
nated. Every precaution was taken by the Committee to be cer- 
tain that no impossible requirements were imposed and that 
boilers could be built to these requirements without difficulty 
from the manufacturer’s standpoint. When the feasibility of this 
was established, no hesitancy was felt by the Committee in recom- 
mending a standard in this form. It is felt by the Committee 
that there has been no rule established that is likely to impose a 
ihardship or work to the disadvantage of any manufacturer who 
is prepared to build safe boilers. If any rule can be shown to 
impose a hardship in any way, the Committee desires to be in- 
formed of the particulars in order that the condition may be 
alleviated. 
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In one very important particular, this final arrangement of the 
A. S. M. E. Code is advantageous to the low pressure boiler 
class, namely, in that no rules are imposed on old boilers or 
boiler installations, or those that are now in use. Whereas cer- 
tain requirements are imposed for old power boiler installations, 
nothing of the kind is advocated in the Code for the low pressure 
boilers. This alleviation is a preventative measure, as while it 
is obvious that an element of danger may exist in the older boiler 
installations, criticism from the general public is avoided by with- 
holding from this field. 

As the Code is promulgated in various parts of the country and 
introduced into the various states, questions are arising as to 
the application or meaning of the various rules, and to render 
interpretations.in such inquiries the Boiler Code Committee has 
been continued to make such revisions as may be found desirable 
in the rules and to modify them as the state of the art advances. 

A resolution was passed by the Council of the Society empow- 
ering the Committee to make rulings where inquiries are made 
respecting constructions not covered by the Code and to interpret 
any parts of the Code. The various inquiries have been given 
careful consideration by the Committee, each being given a case 
number under which it is filed in the records of the Committee, 
which are preserved at the office of the Society. 

The procedure of the Committee in handling the cases is as fol- 
lows: All inquiries must be in written form before they are 
accepted for consideration. Copies are sent by the Secretary of 
the Committee to all of the members of the Committee. The in- 
terpretation, in the form of a reply, is then prepared by the Com- 
mittee and passed on at a regular meeting of the Committee. 
This interpretation is submitted to the Council for approval, after 
which it is issued to the party making the inquiry and later 
published in The Journal of The American Society of Mechanical 
Engineers, in order that any one interested may readily secure the 
latest information concerning the interpretations. 

Since the first meeting for issuing interpretations, which was 
held in Buffalo at the time of the Spring (1915) meeting of the 
American Society of Mechanical Engineers, three additional 
meetings were held by the Committee in 1915, and monthly meet- 
ings have been held so far in 1916. Fifty-eight inquiries have 
been considered. Of these, interpretations have been given and 
published for all but two, which are still in the hands of the 
Committee. 
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J. D. Cassett: The Pennsylvania State Legislature has adopted 
the A. S. M. E. Boiler Code in its entirety, which if enforced will 
interfere very materially with the method of heating used in the 
schools of Philadelphia. For the past thirty years we have used 
cast iron boilers of various makes, operating same at 30 Ib. pres- 
sure, for the purpose of supplying engines to propel fan blowers, 
the exhaust steam being used in the air heater sections, and the 
condensation returned by pump to boilers. The full 30 lb. steam 
pressure is carried on the direct radiators, condensation returned 
by gravity to boilers. This has been a very satisfactory and 
economical arrangement, as very little of the exhaust steam was 
wasted to the atmosphere, in fact only for a few days in the late 
spring or early fall. 

If as we understand the Code, 15 Ib. is the maximum steam pres- 
sure permissible to be carried on boilers of cast iron construction we 
will be compelled to give up the use of cast iron boilers in con- 
nection with our plenum system work, as the size of engine that 
would be required at the lower steam pressure would be prohibitive. 

In talking this matter over with one of the members of the Com- 
mission the suggestion was made to substitute an electric motor for 
the engine drive, but with the prevailing prices for electric current 
in our city the cost per day to operate one of our average sized 
plants would approximate $5.50, which is a further incentive in our 
endeavor to have the maximum allowable steam pressure of cast 
iron sectional boilers increased to at least 30 Ib. 

If other heating engineers use the same methods as we, I hope 
they will join in a movement for this increased pressure. We, 
however, will take the matter up with our State Industrial Board, 
as the law reads, “The following safety standards have been 
adopted by the Industrial Board, subject to the provision of the law, 
which provides that persons affected may petition the Board for 
changes in the regulations. Upon the receipt of such petition, it 
will be reviewed by the Board and if considered necessary a public 
hearing will be called in regard thereto.” I suppose it would then 
go back to the Boiler Code Committee of the American Society of 
Mechanical Engineers. 

I think the subject is worthy of consideration, as my experience 
is that cast iron boilers are just as economical in the use of fuel, 
and will last longer under similar conditions than wrought iron or 
steel boilers. Furthermore, as most cast iron boilers are of the 
internal fire box construction, there is an annual saving of at least 
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3 per cent. in fire lining repair bills, over the usual brick-set return 
tubular and water tube boilers. 

I am indirectly informed that the reason for lowering the allow- 
able steam pressure of cast iron boilers to 15 lb., was not that the 
boiler would be considered unsafe at any higher pressure, but rather 
to prevent the cast iron boiler being used to supply steam to engines, 
pumps or other vessels exhausting into the atmosphere, which would 
necessitate a constant supply of fresh water to the boiler, with its 
attendant dirt and scale forming properties, which, in turn, would 
stop up the small water passages of the boiler, and as these passages 
cannot be inspected or cleaned, the cast iron boiler must not be 
used for other than low pressure gravity return work. 

We have in use and have had since 1897, over 150 boilers of 
various kinds of cast iron construction, operating under 30 to 35 
Ib. steam pressure. During that pericd many sections have cracked 
with no further injury or damage to life or property. 

During the past winter we had a section crack in one of these 
boilers that had been in use 19 years. We simply cut the connec- 
tion nipples out, plugged the openings, left the cracked section re- 
main in place, and operated the boiler for three months. Last week 
we removed the cracked section. I had it broken up, and did not 
find over a 1/32 in. of rust or scale, and therefore feel justified in 
petitioning our State Industrial Board, or if it interests other engi- 
neers, the Boiler Code Committee to change the code, permitting 
at least 30 Ib. steam pressure on boilers of proper cast iron con- 
struction and used as mentioned. 


E. A. May: It is only fair to say to Mr. Cassell that possibly 
the boiler and radiator manufacturers themselves were in a measure 
responsible, and not the Boiler Code Committee. I had the pleasure 
of being the Chairman of the Committee of the National Association 
of Boiler and Radiator Manufacturers who appeared in September 
before the Committee of the American Society of Mechanical Engi- 
neers. The question of the pressures of steam boilers came up, 
and inasmuch as the majority of heating jobs had been assumed to 
be under 15 lb. no objection was made by the boiler manufacturers 
to the Massachusetts limit of 25 lb. In Ohio they set the limit at 
15 Ib. on a steam boiler without any discussion whatsoever. 

However, there was a discussion on the pressure in relation to 
hot water jobs. I think they now allow a uniform pressure of 30 
lb. or higher pressure, provided a test pressure is made at the 
factory two and a half times the proposed working pressure. I 
presume that with proper presentation, there would be a special 
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ruling allowed for higher pressures on the steam boilers. As I 
say, I think it is only fair to the Mechanical Engineers to say that 
they themselves were not really responsible. It was overlooked by 
the manufacturers of cast iron boilers, and the thing practically 
went by default. 

The National Association now has a representative on the Boiler 
Code Committee in the person of Mr. R. D. Reed of the H. B. 
Smith Company, who living near New York, was available for com- 
mittee meetings. I think that proper presentation of the question 
would bring the proper results. 


Joun C. McCase': I am very much interested in the discus- 
sion relating to the A. S. M. E. Boiler Code. I have been con- 
nected with the boiler inspection work in this City here for the 
past eight years, and possibly in an indirect way have contributed 
slightly to the promotion of uniformity in this direction. 

The necessity for a uniform code is well known to everybody 
having anything whatever to do with steam boilers. In the City 
of Detroit, we have had boiler inspection for about thirty-five 
years, and during that period up to about 1910, there was abso- 
lutely nothing relating to any specifications. Any man might send 
any kind of a boiler to Detroit, built in any kind of a way, and to 
carry practically any pressure he saw fit. I went into the office 
in 1908, and had the pleasure of having a multiplicity of foes for 
about two years before I could induce the Common Council to 
adopt the Massachusetts Code. In fact, some people charged me 
with everything except murder in the course of the fight. Eventu- 
ally, of course, the code was adopted, and I am pleased to say at 
the present time that my office has practically no trouble with the 
boiler manufacturers and that we are accepting boilers built under 
the A. S. M. E. Boiler Code, and will shortly adopt that Code as 
the regulation for the city. 

In regard to the contention of the gentleman for heating boilers 
with lap joints, I think experience has demonstrated that a man 
with a bad reputation generally has a hard time getting along. The 
lap joint boiler, of course, may have a rather large factor of safety 
using a low pressure, but at the same time, being a large vessel, it 
is not a very desirable thing to use for high pressures. I would say 
in relation to the trouble the gentleman has about driving an engine, 
that I think it would be much more desirable for him to get a 
small boiler that would be suitable for his purposes, and use such 
pressure on it as may be necessary for the desired work, using the 


Chief Boiler Inspector, City of Detroit. 
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exhaust for heating rather than bring about a dangerous condition 
by using a steam boiler that would be detrimental to public safety. 

I find here in the City of Detroit, that we have considerable trou- 
ble in keeping track of boilers. You first must remember that all 
these regulations are to be construed as on a reasonable basis. In 
other words, our Corporation Counsel has told me that as a matter 
of law, we could not enforce the use of a butt jointed boiler, nor 
could we compel the use of boilers with drilled holes. These are 
facts. The burden of proof is on the inspection office to show that 
a particular boiler is not a safe boiler. That being true in law, 
I accepted it as such. It shows that in dealing with the boiler 
question, we must pursue reasonable methods. Safety in use of 
steam boilers is dependent on education rather than on enforce- 
ment. In fact, I find occasionally that we get a case that we want 
to see a strict compliance in, but somebody has seen the powers above 
before we have, and it is a rather difficult matter to straighten out. 

I firmly believe that the A. S. M. E. Boiler Code is quite a rea- 
sonable one, and some sacrifice must be made, and the engineer 
ought to figure the thing from an engineering viewpoint rather than 
take his own particular case as a basis for the course taken. I can 
readily see from my own experience that the Code Committee must 
have done a great amount of work if they evolved a Code which 
was acceptable to all who came under it. 


E. F. Grore: I think the matter of the Code is probably one 
of the most important subjects that has been taken up for some 
time in our line. I would recommend that all those who have not 
read the Code, whether directly interested or not, but who are in 
the industry, should make it their business to get a copy and digest 
it. I heard a great deal of it and the discussions in the various 
bodies before we really got down to an analysis of what it meant. 
After having learned something about it, I realized that it was 
perhaps the best thing that has ever come into our industry. 


Tue AutnHor: In answer to Mr. Cassell and Mr. May, I will 
say that the adoption of 15 Ib. as the limit of pressure for heating 
boilers was given, in the early stages of the Boiler Code Committee’s 
work, very careful consideration. At the very beginning of the 
work, back in 1913, when the committee was first appointed and 
I was acting as secretary to the committee to carry on the inves- 
tigative work, we made it our business to learn what Ohio and 
Massachusetts had done in their codes of boiler rules and we 
analyzed the results. At that time the Massachusetts board had 
had a code in effect for about five or six years; and Ohio had had 
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their code in effect about two years. It was the Committee’s effort 
to find out what results they had had with these various rules under 
practical application, and see if they could take advantage of any 
of the mistakes of those two codes. 


The 15 Ib. pressure limit was the desire, I think, of the Board 
of Boiler Rules in Massachusetts at that time. The only reason 
that they left their pressure at the 25 lb. limit was, I think, due to 
public opinion. I believe a number of hearings were held on this 
question by that Board back in the years of 1909, 1910, and 1911. 
But, when Ohio came to put a code into effect in that state they 
took advantage of the. desires and opinions of the members of the 
Massachusetts board and made their limit of pressure 15 Ib. 


When the A. S. M. E. Boiler Code Committee went into that 
question they found that the 15 Ib. rule had a good deal of_ reason 
back of it, and that limit was adopted after a good deal of thought 
and argument. There was quite a strong argument from some 
directions that the pressure limit of the boiler should be kept just 
as near atmosphere as possible, but after much discussion, prior 
to the time when Mr. May, Mr. McNair and Mr. Reed (of H. B. 
Smith & Co.) came into consultation with us, that pressure was 
finally decided upon as 15 Ib. 


One of the conditions that brought this about that may be of 
interest at this time was the legal side of the question—the enforce- 
ment of the Code by the State. The Board in a particular State 
must establish a line of demarcation, and it is the uni:urm practice, 
as you may all know, to enforce inspection of boilers of above that 
limiting pressure, and not to enforce inspection on boilers running 
below that pressure. It was the desire on everybody’s part, I think, 
to keep the inspection requirement out of the heating class, or at 
least, as much so as possible; and it was the general desire of 
those that were interested in the legal side of the question to hold 
this pressure at such a point that there would not be any tendency 
for influence from certain interests to establish inspection laws for 
the low pressure or heating boiler side of the question. It was felt 
that anything leading in the direction of compulsory inspection of 
low-pressure equipment would work a greater hardship upon the 
industry than would the limitation of the maximum allowable work- 
ing pressure to 15 Ib. 

Later on, when these hearings that are referred to in this paper 
were taken up, the representatives of the National Association of 
Boiler and Radiator Manufacturers came in, of which Mr. R. D. 
Reed of Westfield, Mass., is now the permanent representative on 








584 Discussion ON THE A. S. M. E. Boiter Cope 


the Boiler Code Committee, and they did splendid work. Their 
main work was establishing this line of demarcation between the 
power and heating classes of boilers. Mr. May is correct in saying 
that the argument concerning the pressure did not come up at that 
time, but it had been previously established and very definitely de- 
cided upon as far as the early members of the committee were 
concerned at the 15 Ib. limit. 

As to the question of having a change in this 15 ib. limit con- 
sidered, there is an opportunity for Mr. Cassell, or anybody else 
who is interested, to bring the matter up before the Boiler Cude 
Committee of The American Society of Mechanicai Engineers for 
reconsideration. As stated in this paper, that Committee has been 
continued as a Committee to hear these questions, to receive these in- 
quiries or complaints, and anything presented aleng that line in 
written form will be received as a Case and the Committee will 
act upon it in their next monthly meeting and a reply will be given. 
Up to the present time, 88 Cases have been considered, and the 
interpretations that have been rendered in practically all of these, 
have been published in the Journal of The American Society of 
Mechanical Engineers, and can be obtained, if desired, in reprint 
form upon application to the Secretary. 

To answer Mr. Mayer, I will say the copies of the Code may be 
obtained from Secretary \. W. Rice of The American Society of 
Mechanical Engineers, at the regular price of 80 cents per copy. 
Our Society, as a sister organization, has access to those copies, 
however, at member’s rates, 40 cents a copy. If you wish to apply 
through the headquarters, we can supply you with copies at the 
member’s rate, and I would be glad te have any member of the 
Society who is desirous of obtaining a copy of the Code, take ad- 
vantage of this privilege. 
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